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$ENU]XQJVYHU]HLFKQLV
$$/  $PELHQW$VVLVWHG/LYLQJ
$'&  $QDORJ'LJLWDO&RQYHUWHU
&(  &RQVXPHU(OHFWURQLFV
'$&  'LJLWDO$QDORJ&RQYHUWHU
',1  'HXWVFKHV,QVWLWXWIU1RUPXQJ
*3,2  *HQHUDO3XUSRVH,QSXW2XWSXW
*8,  *UDSKLFDO8VHU,QWHUIDFH
,'(  ,QWHJUDWHG'HYHORSPHQW(QYLURQPHQW
,(&  ,QWHUQDWLRQDO(OHFWURWHFKQLFDO&RPPLVVLRQ
,(((  ,QVWLWXWHRI(OHFWULFDODQG(OHFWURQLFV(QJLQHHUV
,3  ,QWHUQHW3URWRFRO
,60  ,QGXVWULDO6FLHQWLILFDQG0HGLFDO%DQG
,62  ,QWHUQDWLRQDO2UJDQL]DWLRQIRU6WDQGDUGL]DWLRQ
,7.  ,QIRUPDWLRQVXQG7HOHNRPPXQLNDWLRQVWHFKQRORJLH
,78  ,QWHUQDWLRQDO7HOHFRPPXQLFDWLRQ8QLRQ
/$1  /RFDO$UHD1HWZRUN
/&'  /LTXLG&U\VWDO'LVSOD\
/('  /LJKW(PLWWLQJ'LRGH
26,  2SHQ6\VWHPV,QWHUFRQQHFWLRQ
333  3RLQWWR3RLQW3URWRFRO
333R( 3RLQWWR3RLQW3URWRFRORYHU(WKHUQHW
3:0  3XOVHZLGWK0RGXODWLRQ
65'  6KRUW5DQJH'HYLFHV
663  6\QFKURQRXV6HULDO3RUW
7&3  7UDQVPLVVLRQ&RQWURO3URWRFRO
$ENU]XQJVYHU]HLFKQLV  ,;
8'3  8VHU'DWDJUDP3URWRFRO
9'(  9'(9HUEDQGGHU(OHNWURWHFKQLN(OHNWURQLN,QIRUPDWLRQVWHFKQLNH9
:/$1 :LUHOHVV/RFDO$UHD1HWZRUN
:63  :LUHOHVV6KRUW3DFNHW

(LQOHLWXQJ  

 (LQOHLWXQJ
'LHVH*UDGXLHUXQJVDUEHLWEHVFKlIWLJWVLFKPLWGHU.RQ]HSWLRQXQGSURWRW\SLVFKHQ ,PSOH
PHQWLHUXQJ HLQHU 6PDUW+RPH$SSOLNDWLRQ XQWHU 9HUZHQGXQJ GHV0LNURFRQWUROOHUV1;3
/3& 'LH $UEHLWHQ HUIROJWHQ DQ GHU Ä+RFKVFKXOH0LWWZHLGD ± 8QLYHUVLW\ RI $SSOLHG
6FLHQFHV³XQG]XPJURHQ7HLO LP5DKPHQGHV)RUVFKXQJVFOXVWHUVÄ6PDUW&LW\0LWWZHL
GD³ZHOFKHVGXUFKGDV6lFKVLVFKH6WDDWVPLQLVWHULXPIU:LVVHQVFKDIWXQG.XQVWJHI|U
GHUWZXUGH
 .DSLWHOEHUVLFKW
,QGLHVHP.DSLWHOZLUGDXIGLH=LHOVWHOOXQJGLHVHU$UEHLWHLQJHJDQJHQXQGHLQHNXU]H(LQ
IKUXQJ LQGHQ%HJULII Ä6PDUW+RPH³JHJHEHQ.DSLWHOEHVFKlIWLJWPLWDOOJHPHLQHQ ,Q
IRUPDWLRQHQ]X6PDUW+RPH'HWDLOVEHUGHQYHUZHQGHWHQ&RQWUROOHU/3&XQGGDV
GDUDXIEDVLHUHQGH&RQWUROOHUPRGXO&KLSVLQGLQ.DSLWHOXQG.DSLWHO]XILQGHQ,Q
.DSLWHOZHUGHQHLQLJH9RUXQWHUVXFKXQJHQXQGGLHGDIUYHUZHQGHWHQ%HLVSLHOSURJUDP
PHEHVFKULHEHQ.DSLWHOXPIDVVWVFKOLHOLFKGLHZlKUHQGGHU%HDUEHLWXQJHUVWHOOWH$S
SOLNDWLRQ(VZHUGHQVRZRKOGLH6RIWZDUHDOVDXFKGLH+DUGZDUHXQGGHUHQ)XQNWLRQEH
VFKULHEHQ ,QIRUPDWLRQHQ EHU GHQ GDPLW GXUFKJHIKUWHQ )XQNWLRQVWHVW ZHUGHQ NXU] LQ
.DSLWHODXVJHIKUW$EVFKOLHHQGVLQGLQ.DSLWHOHLQH=XVDPPHQIDVVXQJXQGHLQ$XV
EOLFNDXIZHLWHUH9HUEHVVHUXQJHQXQG(QWZLFNOXQJHQ]XILQGHQ
 6PDUW+RPH
(LQ 6PDUW +RPH LVW HLQ:RKQ RGHU %URUDXP LPZHLWHUHQ 6LQQH DXFK JHElXGH EHL
GHPGLH(UK|KXQJXQG9HUEHVVHUXQJYRQ6LFKHUKHLW.RPIRUWXQG(QHUJLHHIIL]LHQ]GXUFK
GLH9HUZHQGXQJ YRQ YHUQHW]WHU(OHNWURQLN LP9RUGHUJUXQG VWHKHQ ,P*HJHQVDW] GD]X
EH]HLFKQHWPDQ JHZHUEOLFK JHQXW]WH5lXPOLFKNHLWHQ RGHU*HElXGH DOV6PDUW%XLOGLQJ
,P:HLWHUHQZLUGDXIHLQH8QWHUVFKHLGXQJ]ZLVFKHQJHZHUEOLFKXQGSULYDWJHQXW]WHQ,P
PRELOLHQYHU]LFKWHWXQGGHU%HJULII6PDUW+RPHEHUJUHLIHQGYHUZHQGHW:HLWHUH6\QR
Q\PH IU HLQ 6PDUW +RPH VLQG %HJULIIH ZLH &RQQHFWHG +RPH ,QWHOOLJHQWHV +DXV XQG
6PDUW+RXVHXPQXUHLQLJHLQGHQOHW]WHQ-DKUHQHQWVWDQGHQH.UHDWLRQHQ]XHUZlKQHQ
'LH Ä'HXWVFKH .RPPLVVLRQ (OHNWURWHFKQLN (OHNWURQLN ,QIRUPDWLRQVWHFKQLN LP ',1 XQG
9'(³ ZHOFKH VLFK VHLW -DKUHQ LQWHQVLYPLW GHU 6WDQGDUGLVLHUXQJ LP %HUHLFK GHV 6PDUW
+RPHVEHVFKlIWLJWGHILQLHUWHLQ6PDUW+RPHZLHIROJW

  (LQOHLWXQJ

1. Die Bedürfnisse der Bewohner/-innen werden durch eine Vielzahl von Sensoren 
und smarten Geräten erfasst, die eine intuitive Ansteuerung ermöglichen. 
2. Die aufgenommenen Informationen werden unter Berücksichtigung des aktuellen 
Zustandes und der Antizipation potentieller Zustände verarbeitet. 
3. Es folgt eine Aktion auf die aufgenommenen Informationen und die darauf basie-
rende Interpretation. Hierzu dient ein ausgereiftes Connected Home Netzwerk, 
welches ein simples und sicheres Zusammenspiel der Geräte aus den Bereichen 
der Unterhaltungselektronik (CE), der Informations- und Kommunikationstechnik 
(ITK), Elektrohaushalt (Herd, Kühlschrank, etc.) und Haustechnik (Alarmanlagen, 
Heizungs- und Lichtsteuerung, etc.) über Schnittstellen, Software, etc. mit Hilfe 
von drahtgebundenen bzw. drahtlosen Technologien ermöglicht. >S@

'HUJHVDPWH0DUNWIU6PDUW+RPHVNDQQLQPHKUHUH7HLOEHUHLFKHXQWHUJOLHGHUWZHUGHQ
IUGLHMHZHLOVHLJHQH1RUPHQXQG6WDQGDUGVH[LVWLHUHQ$EELOGXQJ

x 6LFKHUKHLW

x (QWHUWDLQPHQW.RPPXQLNDWLRQ

x *HVXQGKHLW$$/:HOOQHVV

x 6PDUW+RPH,QIUDVWUXNWXU$XWRPDWLRQ

x (QHUJLHPDQDJHPHQW

(LQOHLWXQJ  


$EELOGXQJ7HLOEHUHLFKHGHV6PDUW+RPHV

=XP7HLOH[LVWLHUHQIUGLHVH%HUHLFKHEHUHLWVHLQKHLWOLFKH6WDQGDUGVZHOFKHDEHUDNWXHOO
XQGDXFKLQ=XNXQIWHUZHLWHUWXQGDXVJHEDXWZHUGHQZREHL]XEHUFNVLFKWLJHQLVWGDVV
LP0RPHQWQRFKNHLQ1RUPXQJVPDQGDWIUGHQ%HUHLFKÄ6PDUW+RPH%XLOGLQJ³LQ(X
URSDH[LVWLHUWDXFKZHQQ7HLOEHUHLFKHGXUFKGLH(XURSlLVFKH8QLRQEHUHLWV WKHPDWLVLHUW
ZXUGHQ
 =LHOVWHOOXQJ
,P5DKPHQGHU%DFKHORUDUEHLWVROOHLQHEHLVSLHOKDIWH,PSOHPHQWLHUXQJHLQHU6PDUW+RPH
$QZHQGXQJ XQWHU 9HUZHQGXQJ GHV 1;3 /3& NRQ]LSLHUW XQG JHWHVWHW ZHUGHQ
6FKZHUSXQNWLVWGDEHLGLH(LQVDW]IlKLJNHLWGHV0LNURFRQWUROOHUVIU(QWZLFNOXQJHQLP%H


>S@
 %HDXIWUDJXQJ LQWHUQDWLRQDOHU XQG QDWLRQDOHU 1RUPXQJVJUHPLHQ PLW GHU 'HILQLWLRQ XQG (UDUEHLWXQJ QHXHU
6WDQGDUGVIUEHVWLPPWH*HELHWHGXUFKGLH(8.RPPLVVLRQ
  (LQOHLWXQJ

UHLFK6PDUW+RPHVRZLHLP%HUHLFKGHU/HKUHDQGHU+RFKVFKXOH0LWWZHLGDXQGGHUGRUW
LP5DKPHQGHU$XVELOGXQJGXUFKJHIKUWHQ9HUVXFKH]XXQWHUVXFKHQ
)UGHQ%HUHLFKGHU(QWZLFNOXQJXQWHUGHP*HVLFKWVSXQNWÄ6PDUW+RPH³VLQGGLHWHFKQL
VFKHQ(LJHQVFKDIWHQZLH3HULSKHULH /HLVWXQJVDXIQDKPH XQG /DQJ]HLWYHUIJEDUNHLW GHV
0LNURNRQWUROOHUVYRUUDQJLQJLP%HUHLFK/HKUHKLQJHJHQNRPPWHVYRU$OOHPDXIGLH9HU
IJEDUNHLWHLQHUP|JOLFKVWSUHLVZHUWHQXQGXPIDQJUHLFKHQ(QWZLFNOXQJVXPJHEXQJVRZLH
GLH0|JOLFKNHLW DQ HLQIDFKH %HLVSLHOHPLW GHQ DXV]XELOGHQGHQ 6WXGHQWHQ XPVHW]HQ ]X
N|QQHQ
=XVlW]OLFKZLUGHLQH6RIWZDUH]XU6WHXHUXQJGHV6PDUW+RPH$SSOLNDWLRQEHQ|WLJWZHO
FKHDXIHLQHP:LQGRZV6\VWHPEHWULHEHQZHUGHQNDQQVRZLHNRPSDWLEHO]XELVKHULJHQ
6RIWXQG+DUGZDUHO|VXQJHQGHU3URIHVVXU.RPPXQLNDWLRQVWHFKQLNGHU+60LWWZHLGDLVW
6PDUW+RPH  

 6PDUW+RPH
,QGLHVHP.DSLWHOVROOHQ*UXQGOHJHQGH,QIRUPDWLRQHQ]X6PDUW+RPHHUOlXWHUWZHUGHQ
 $XIEDX
$OOHQ 6PDUW +RPH 6\VWHPHQ LVW JHPHLQ GDVV VLH DXV 7HLOQHKPHUQ EHVWHKHQ ZHOFKH
6HQVRUHQ $NWRUHQ 5HFKHQHLQKHLWHQ 3URJUDPPLHUVFKQLWWVWHOOHQ RGHU XQWHU 8PVWlQGHQ
VRJDUDOOHVJOHLFK]HLWLJVHLQN|QQHQGDEHLVLQGDOOHUGLQJVDOOH7HLOQHKPHUEHUHLQHQRGHU
PHKUHUH.RPPXQLNDWLRQVNDQlOHPLWHLQDQGHUYHUEXQGHQ'LH7HLOQHKPHUN|QQHQLQXQWHU
VFKLHGOLFKVWHQ7RSRORJLHQLQGHQHQLKQHQYHUVFKLHGHQH5ROOHQ]XNRPPHQN|QQHQRUJD
QLVLHUWZHUGHQ
 $XVJHZlKOWH7RSRORJLHQ
$XFKEHL6PDUW+RPHZHUGHQGLH7HLOQHKPHU LQ LQ GHU.RPPXQLNDWLRQVWHFKQLNEHUHLWV
EHNDQQWHQ7RSRORJLHQRUJDQLVLHUW'LHYHUEUHLWHWHVWHQVLQGGDEHLGLH/LQLHQWRSRORJLHGLH
6WHUQWRSRORJLHGLH0DVKWRSRORJLHGLH%DXPWRSRORJLHVRZLHGHUNODVVLVFKH%XV


$EELOGXQJ$XVJHZlKOWH1HW]ZHUNWRSRORJLHQ


KWWSFRPPRQVZLNLPHGLDRUJZLNL)LOH1HWZRUN7RSRORJLHVSQJ
  6PDUW+RPH

 6WDQGGHU7HFKQLN
'LH DP 0DUNW YHUWUHWHQHQ +HUVWHOOHU XQG .RQVRUWLHQ IDYRULVLHUHQ GDEHL YHUVFKLHGHQH
7RSRORJLHQ XQG hEHUWUDJXQJVZHJH XQG YHUPLVFKHQ GLHVH WHLOZHLVH 6R HUP|JOLFKW GHU
.1;6WDQGDUGGHU.1;$VVRFLDWLRQZHOFKHUDOV,62,(&VWDQGDUGLVLHUW
ZXUGH ]%GDV(UVWHOOHQHLQHU/LQLHZHOFKHZLHGHUXPXPZHLWHUHDE]ZHLJHQGH/LQLHQ
HUZHLWHUWZHUGHQNDQQ$EELOGXQJ


$EELOGXQJ=XHLQHP%HUHLFK]XVDPPHQJHVFKORVVHQH/LQLHQ

'LHVH1HW]ZHUNHELOGHQVRJHQDQQWH%HUHLFKHZHOFKHGXUFKZHLWHUH/LQLHQPLWDQGHUHQ
%HUHLFKHQYHUEXQGHQZHUGHQN|QQHQ$EELOGXQJ(VVFKHLQWDOVRDOVREGLH/LQLHQ
XQG %DXPWRSRORJLHPLWHLQDQGHU YHUZDFKVHQ 'DEHL NRPPHQ EHL .1; VRZRKO )XQN LQ
)RUPYRQ.1;5)DOVDXFKNDEHOJHEXQGHQH.RPPXQLNDWLRQVZHJH]XP(LQVDW]



>@6HLWH
6PDUW+RPH  


$EELOGXQJ'XUFK.RSSOHUYHUEXQGHQH%HUHLFKH

$QGHUH$QELHWHUZLH%HONLQXQG$90YHUZHQGHQ,(((:/$1XQGGLH6WHUQWR
SRORJLHZREHLHVVLFKEHLP]HQWUDOHQ.QRWHQXPGHQ:/$15RXWHUKDQGHOWXQGGLHHLQ
]HOQHQ *HUlWH EHU $QZHQGXQJHQ DXI 6PDUWSKRQHV RGHU :HELQWHUIDFHV DQJHVWHXHUW
ZHUGHQN|QQHQ$90ELHWHWZLH.1;DXFKPLWGHP3RZHUOLQH(GLH0|JOLFKNHLW*H
UlWH EHU 3RZHUOLQH ]X YHUELQGHQ XQG ]X VWHXHUQ $QGHUH JURH8QWHUQHKPHQZLH GLH
GHXWVFKH 7HOHNRP 0LHOH XQG 9DWHQIDOO KDEHQ VLFK ]X HLQHP .RQVRUWLXP QDPHQV
4XLYLFRQ]XVDPPHQJHVFKORVVHQXPHLQHQDWLRQDOH3ODWWIRUP]XU9HUIJXQJ]XVWHOOHQ
GDEHLZHUGHQ6WDQGDUGVZLH+RPH0DWLFYRQH4XQG=LJ%HHYHUZHQGHW:LHGHUDQGH
UH+HUVWHOOHUVHW]HQDXINRPSOHWWH(LJHQHQWZLFNOXQJHQZLH]%(Q2FHDQPLW:63HLQ
)XQNV\VWHP LP ,60%DQG ZHOFKHV PLWWOHUZHLOH DOV ,62,(&  ]XP 6WDQGDUG
HUNOlUWZXUGH(LQZHLWHUHU9HUWUHWHU LVW GHU LQ'lQHPDUN HQWZLFNHOWH6WDQGDUG=:DYH
ZHOFKHU GXUFK GLHPLWWOHUZHLOH EHU 0LWJOLHGHU GHU =:DYH$OOLDQFH HQWZLFNHOW XQG
JHQXW]W ZLUG $XFK GLHVHU LQ ,78* VSH]LIL]LHUWH 6WDQGDUG YHUZHQGHW ZLH HLQLJH
DQGHUHVRZRKOGDV,60DOVDXFKGDV65')UHTXHQ]EDQGZREHLGLH7HLOQHKPHULQHL
QHPYRQHLQHP3ULPlUFRQWUROOHUJHVWHXHUWHPYHUPDVFKWHQ1HW]RUJDQLVLHUWZHUGHQ
$OOJHPHLQNDQQIHVWJHVWHOOWZHUGHGDVVHVYLHOHYHUVFKLHGHQH$QVlW]HXQG/|VXQJHQIU
GHQ%HUHLFKGHUVPDUWHQ+RPHDXWRPDWLRQJLEWZREHLVLFK LQGHQ OHW]WHQ-DKUHQ LPPHU


>@6HLWH
>@
,(((
>@
  6PDUW+RPH

PHKU8QWHUQHKPHQ]XJURHQ.RQVRUWLHQ]XVDPPHQVFKOLHHQXPHLQKHLWOLFKH6WDQGDUGV
HUDUEHLWHQXQGHWDEOLHUHQ]XN|QQHQ'LHVHU7UHQGZLUGPLW6LFKHUKHLWDXFK]XNQIWLJDQ
KDOWHQXQGGLH/DQGVFKDIWGHU6PDUW+RPH7HFKQRORJLHQZHLWHUYHUHLQKHLWOLFKHQVRGDVV
HLQHLPPHUEHVVHUH,QWHURSHUDELOLWlWJHZlKUOHLVWHWZHUGHQNDQQ,P0RPHQWLVWGLHVH/HL
GHU QLFKW LPPHU JHJHEHQ$EJHVHKHQGDYRQ GDVV NHLQH.RPPXQLNDWLRQ ]ZLVFKHQGHQ
YHUVFKLHGHQHQ6WDQGDUGVP|JOLFK LVWEHVWHKWEHL]XDOOJHPHLQJHIDVVWHQ6WDQGDUGVZLH
=LJ%HHGDV3UREOHPGDVVQLFKWHLQPDOGLH,QWHURSHUDELOLWlWYRQ*HUlWHQZHOFKHGHQJOHL
FKHQ6WDQGDUGYHUZHQGHQJHJHEHQLVW:LHEHUHLWVLQHUZlKQWWUHLEHQGLHQDWLRQDOHQ
XQG LQWHUQDWLRQDOHQ 6WDQGDUGLVLHUXQJVJUHPLHQ VRZLH GLH (XURSlLVFKH .RPPLVVLRQ GHQ
3UR]HVVGHU6WDQGDUGLVLHUXQJZHLWHUYRUDQVRGDVVGLH*UHQ]HQ]ZLVFKHQGHQYHUVFKLH
GHQHQ/|VXQJHQLPPHUPHKUYHUVFKZLQGHQZHUGHQ
'HU0LNURFRQWUROOHU1;3/3&  

 'HU0LNURFRQWUROOHU1;3/3&
%HLGHP0LNURFRQWUROOHU/3&YRQ1;3KDQGHOWHVVLFKXPHLQ'HULYDWGHV&RUWH[0
GHU)LUPD$50ZHOFKHUDXIGHU$50$UFKLWHNWXU$50YEDVLHUW'LH$50YZXUGHDOV
HWZDVOHLVWXQJVVWlUNHUHDOWHUQDWLYH]XEHUHLWVHUKlOWOLFKHQ%LW0LNURNRQWUROOHUQHQWZRUIHQ
XQGZLUGYRQYLHOHQHWDEOLHUWHQ+HUVWHOOHUQXQWHU/L]HQ]KHUJHVWHOOW
 %HVFKUHLEXQJGHV/3&
 hEHUVLFKWEHUGLH2Q&KLS3HULSKHULH
'HU/3& LVWDXIJUXQGVHLQHVYHUKlOWQLVPlLJJURHQ6SHLFKHUVXQGXPIDQJUHLFKHQ
$XVVWDWWXQJDQ3HULSKHULHJURIOlFKLJHLQVHW]EDU7DEHOOH

3HULSKHULH $Q]DKO
'$& 
$'& 
:DWFKGRJ7LPHU 
7LPHU 
*3,2 
8$57 
&$1 
86%+RVW'HYLFH27* 
,&,6 
63,663 
(WKHUQHW 
7DEHOOH$XVJHZlKOWH3HULSKHULHGHV/3&

'LH IU GLHVHV 3URMHNW ZLFKWLJHQ .RPSRQHQWHQ VLQG GDEHL GHU '$& 'LJLWDO$QDORJ
:DQGOHU$'&$QDORJ'LJLWDO:DQGOHU7LPHU*3,23RUWSLQV663XQGGLH(WKHUQHW
6FKQLWWVWHOOH:HLWHUH$XVIKUXQJHQ]XGLHVHQ(OHPHQWHQVLQGXQWHU]XILQGHQ
  'HU0LNURFRQWUROOHU1;3/3&

 :LFKWLJH.HQQJU|HQ
%HVRQGHUV YRQ 9RUWHLO VLQG GLH JHULQJH /HLVWXQJVDXIQDKPH XQG GLH JHULQJH %HWULHEV
VSDQQXQJ YRQ 9 ZHOFKH VRPLW DXFK VR JHQDQQWH ÄORZ SRZHU³$QZHQGXQJHQ DOVR
$QZHQGXQJHQPLW EHVRQGHUV JHULQJHP(QHUJLHYHUEUDXFK ]XODVVHQ 7DEHOOH :LUG
]ZLVFKHQGHQRSHUDWLYHQ3KDVHQGHV&RQWUROOHUVGHUÄGHHSSRZHUGRZQPRGH³DOVRHLQ
7LHIVFKODIPRGXVYHUZHQGHWEHLGHPJURH7HLOHGHU+DUGZDUHGHDNWLYLHUWZHUGHQVLQNW
GHU6WURPYHUEUDXFKDXIQ$XQGHUP|JOLFKWEHVRQGHUVODQJH%DWWHULHODXI]HLWHQ

.HQQJU|H %HGLQJXQJ 7\SLVFK 0D[ (LQKHLW
9''    9
,''
I 0K]   P$
GHHSSRZHUGRZQPRGH57&DNWLY   Q$
7M    &
3WRW    :
,2+
   P$
NXU]]HLWLJ   P$
7DEHOOH$XVJHZlKOWH.HQQJU|HQGHV/3&

:LUG]XP%HLVSLHOHLQH$QZHQGXQJUHDOLVLHUWEHLGHUGHU&RQWUROOHUSUR6WXQGHLQVJHVDPW
QXUHLQH0LQXWHPLWP$YHUVRUJWZHUGHQPXVVXQGGHQ5HVWGHU=HLWLP7LHIVFKODIPR
GXVYHUEULQJWNDQQPLWHLQHPKDQGHOVEOLFKHQ/LWKLXP,RQHQ$NNX9P$KHLQH
/DXI]HLWYRQFD7DJHQHUUHLFKWZHUGHQ

ܮܽݑ݂ݖ݁݅ݐݐ ൌ
ͳͲͲͲ݉ܣ ή ݄
Ͷʹ݉ܣ ή ͳ ͸Ͳൗ ൅ Ͳǡ͸͵Ͳ݉ܣ ή
ͷͻ
͸Ͳൗ
ൌ ͹ͷ͹ǡͺ͸݄ ൎ ͵ͳ݀

 %HVFKUHLEXQJDXVJHZlKOWHU3HULSKHULH
 'HU$QDORJ'LJLWDO.RQYHUWHU$'&
'HU$QDORJ'LJLWDO.RQYHUWHUGLHQWGHU8PVHW]XQJDQDORJHU6SDQQXQJHQ LQGLJLWDOH'D
WHQ 'DEHL ZLUG GLH $QDORJVSDQQXQJ MH QDFK$XIO|VXQJ TXDQWLVLHUW XQG HLQHP GLJLWDOHQ
'HU0LNURFRQWUROOHU1;3/3&  

:HUW]XJHRUGQHW%HLP$'&GHV/3&ZHUGHQSRVLWLYH6SDQQXQJHQELV9PLWELV
]X %LW DOVR DXI 9  JHQDX DXIJHO|VW'HU.RQYHUWHU EHVLW]W .DQlOH VRGDVV 
YHUVFKLHGHQH6SDQQXQJHQQDFKHLQDQGHUGLJLWDOLVLHUWZHUGHQN|QQHQ=XU6WHXHUXQJGHV
$'&EHVLW]WGHU&RQWUROOHUIROJHQGH5HJLVWHU

5HJLVWHU %HVFKUHLEXQJ =XJULII 5HVHW:HUW
$'&5
$' &RQWURO 5HJLVWHU 'DV 5HJLVWHU $'&5
PXVVEHVFKULHEHQZHUGHQXPGHQ$UEHLWVPR
GXV ]X ZlKOHQ EHYRU HLQH .RQYHUWLHUXQJ EH
JLQQHQNDQQ
5: 
$'*'5
$'*OREDO'DWD5HJLVWHUHQWKlOW$'&'RQH
%LWXQGGDV(UJHEQLVGHVOHW]WHQ:DQGOXQJ
5: 
$',17(1
$',QWHUUXSW(QDEOH5HJLVWHUHQWKlOW%LWVZHO
FKH HLQHQ ,QWHUUXSW EHL JHVHW]WHP 'RQH%LW
HUODXEHQRGHUYHUELHWHQ
5: [
$''5[
[ «
$' &KDQQHO [ 'DWD 5HJLVWHUHQWKlOW GDV (U
JHEQLVGHUOHW]WHQ.RQYHUWLHUXQJDXI.DQDO[
52 
$'67$7
$' 6WDWXV 5HJLVWHU HQWKlOW VRZRKO '21(
XQG 29(5581*)ODJV IU DOOH .DQlOH DOV
DXFKGDV$',QWHUUXSW'0$)ODJ
52 
$'750
$'& WULP 5HJLVWHU ]XU .RUUHNWXU YRQ $EZHL
FKXQJHQ
5: [)
7DEHOOH5HJLVWHUEHUVLFKW$'&

9HUZHQGHWZXUGHQGLH5HJLVWHU$'&5$'67$7$'*'5XQG$',17(1

 'HU'LJLWDO$QDORJ.RQYHUWHU'$&
'HU'LJLWDO$QDORJ.RQYHUWHUHU]HXJWDXVHLQHPGLJLWDOHQ(LQJDQJVZHUWHLQHSURSRUWLRQDOH
$XVJDQJVVSDQQXQJ'LHVJHVFKLHKWEHLP/3&IU$XVJDQJVVSDQQXQJHQELV]X9


9JO.DSLWHO
  'HU0LNURFRQWUROOHU1;3/3&

EHLHLQHPPD[LPDOHQ6WURPYRQP$PLWHLQHU6SDQQXQJVDXIO|VXQJYRQ%LWRGHU
P9=XU6WHXHUXQJGHV'$&YHUZHQGHWGHU&RQWUROOHUIROJHQGH5HJLVWHU

5HJLVWHU %HVFKUHLEXQJ =XJULII 5HVHW:HUW
'$&5
'$&RQYHUWHU5HJLVWHUHQWKlOWGHQGLJLWDOHQ
:HUW GHU LQ HLQHQDQDORJHQ NRQYHUWLHUWZHU
GHQ VROO VRZLHHLQ%LW ]XU=XVWDQGVNRQWUROOH
(LQ$XV
5: 
'$&&75/
'$& &RQWURO 5HJLVWHU VWHXHUW '0$ XQG
7LPHUIXQNWLRQ
5: 
'$&&179$/
'$& &RXQWHU 9DOXH 5HJLVWHU HQWKlOW GHQ
5HORDG:HUWIU'$&'0$,QWHUUXSWWLPHU
5: 
7DEHOOH5HJLVWHUEHUVLFKW'$&

9HUZHQGHWZXUGHGDV5HJLVWHU'$&5
 'HU6\QFKURQRXV6HULDO3RUW663
%HLP6\QFKURQRXV6HULDO3RUW KDQGHOW HV VLFKXPHLQHQ&RQWUROOHUZHOFKHUGLH VHULHOOH
hEHUWUDJXQJYRQ'DWHQEHUHLQHQ%XVXQWHU9HUZHQGXQJYHUVFKLHGHQHU6WDQGDUGVHU
P|JOLFKW'DEHLVWHKHQ63,ZLUH66,XQG0LFURZLUH]XU9HUIJXQJ*HVWHXHUWZLUGGHU
663&RQWUROOHUEHUIROJHQGH5HJLVWHU



9JO.DSLWHO
'HU0LNURFRQWUROOHU1;3/3&  

5HJLVWHU %HVFKUHLEXQJ =XJULII 5HVHW:HUW
&5
&RQWURO5HJLVWHUEHVWLPPWGLHVHULHOOH7DNW
UDWHGHQ%XVW\SXQGGLH'DWHQJU|H
5: 
&5
&RQWURO5HJLVWHUEHVWLPPWPDVWHUVODYHXQG
$QGHUHV
5: 
'5
'DWD 5HJLVWHU 6FKUHLEHQ IOOW hEHUWUDJXQJV
UHJLVWHU),)2OHVHQOHHUWHV
5: 
65 6WDWXV5HJLVWHU 52 
&365 &ORFN3UHVFDOH5HJLVWHU 5: 
,06& ,QWHUUXSW6HWDQG&OHDW5HJLVWHU 5: 
5,6 5DZ,QWHUUXSW6WDWXV5HJLVWHU 5: 
0,6 0DVNHG,QWHUUXSW6WDWXV5HJLVWHU 5: 
,&5 663,&5,QWHUUXSW&OHDU5HJLVWHU 5: 
'0$&5 '0$&RQWURO5HJLVWHU 5: 
7DEHOOH5HJLVWHUEHUVLFKW663

 'HU7LPHU
%HLP7LPHUKDQGHOWHVVLFKXPHLQHQ&RQWUROOHUGHUHLQHQ=lKOHUPLWHLQHPIHVWJHOHJWHQ
7DNWEHGLHQWXQGVRPLWHLQH=HLWPHVVXQJHUP|JOLFKW'LHVH*UXQGIXQNWLRQZLUGEHLPR
GHUQHQ&RQWUROOHUQZLHGHP/3&GXUFKYLHOHDQGHUH)XQNWLRQHQHUZHLWHUW VR OlVVW
VLFKGLH=lKOULFKWXQJGHU(LQJDQJVWDNWXQGGLH$Q]HLJHHLQHV(UHLJQLVVHVDQHLQHP$XV
JDQJ GXUFK HLQHQ 3HJHOZHFKVHO HLQVWHOOHQ 'HU /3& EHVLW]W LQVJHVDPW YLHU 7LPHU
ZREHLMHGHUHLQ=lKOUHJLVWHUPLWHLQHU*U|HYRQ%LWEHVLW]W
  'HU0LNURFRQWUROOHU1;3/3&

5HJLVWHU %HVFKUHLEXQJ =XJULII 5HVHW:HUW
,5
,QWHUUXSW5HJLVWHU6FKUHLEHQO|VFKW,QWHUUXSWV
/HVHQLGHQWLIL]LHUWDQVWHKHQGHQ,QWHUUXSW
5: 
7&5
7LPHU&RQWURO5HJLVWHU6WHXHUWGLH=lKOIXQNWL
RQHQGHV7LPHUV
5: 
7& 7LPHU&RXQWHU%LW=lKOUHJLVWHUGHV7LPHUV 5: 
35
3UHVFDOH 5HJLVWHU 7& ZLUG HUK|KW ZHQQ 3&
PLW35EHUHLQVWLPPW
5: 
3&
3UHVFDOH&RXQWHU:LUGHUK|KWELV35HUUHLFKW
ZXUGH XQG HUK|KW GDPLW 7&± HQWVSULFKW9RU
WHLOHU
5: 
0&5
0DWFK&RQWURO5HJLVWHU6WHXHUW REHLQ0DWFK
(UJHLQLV HLQHQ ,QWHUUXSW DXVO|VW XQG 7& ]X
UFNVHW]W
5: 
05[
[ «
0DWFK 5HJLVWHU [ .DQQ 7& ]XUFNVHW]HQ
ZHQQ 0DWFK:HUW HUUHLFKW LVW DXHUGHP 7&
XQG3&VWRSSHQXQG,QWHUUXSWVDXVO|VHQ
5: 
&7&5
&RXQWHU &RQWURO 5HJLVWHU (QWVFKHLGHW ]ZL
VFKHQ =lKO XQG 7LPHU0RGXV XQG OHJW GLH
6LJQDOTXHOOHQIUGHQ=lKO0RGXVIHVW
5: 

 'HU(WKHUQHW&RQWUROOHU
%HLP(WKHUQHW&RQWUROOHUKDQGHOWHVVLFKXPHLQ%DXWHLOZHOFKHVGLH.RPPXQLNDWLRQEHU
(WKHUQHW HUP|JOLFKW 'HU GDIU EHQ|WLJWH 7UDQVFHLYHU LVW QLFKW LQWHJULHUW XQGPXVV GHP
&RQWUROOHUYRUJHVFKDOWHWZHUGHQ'HV:HLWHUHQZLUGHLQ(WKHUQHW0HGLD$FFHVV&RQWUROOHU
EHQ|WLJWZHOFKHULQGLHVHP)DOOGXUFKGHQ&KLS]XU9HUIJXQJJHVWHOOWZLUG


YJO.DSLWHO
'DV&RQWUROOHUPRGXO&KLS  

 'DV&RQWUROOHUPRGXO&KLS
'HU&KLS LVWHLQ0RGXOGHU)LUPD(OHNWURQLNODGHQZHOFKHUDXI%DVLVGHV/3&
YRQ1;3ZHOFKHV]XPHLQHQIUGHQ%HWULHEQ|WLJH3HULSKHULH]XPDQGHUHQHLQHHLQIDFK
]XKDQGKDEHQGH%DXIRUPEHUHLWVWHOOW(LQLJH(LJHQVFKDIWHQGHV&KLSVRZLHZLFKWLJH
.HQQJU|HQZHUGHQLQGLHVHP.DSLWHOHUOlXWHUW


$EELOGXQJ&KLSYRQ(OHNWURQLNODGHQ

 %HVFKUHLEXQJGHV&KLS
 3HULSKHULH)XQNWLRQHQXQG3LQEHOHJXQJ
'DV0RGXO&KLSOLHIHUWGLHIUGHQ%HWULHEGHV/3&Q|WLJHRGHURSWLRQDOH3HUL
SKHULH ZLH ]% GLH 6SDQQXQJVYHUVRUJXQJ GHQ (WKHUQHW7UDQVFHLYHU HLQ 'HEXJ XQG
3URJUDPPLHUVFKQLWVWHOOH VRZLH HLQH $XVZDKO GHU YRUKDQGHQHQ *3,23LQV 'DV 0RGXO
ELHWHW HLQHQ JXWHQ .RPSURPLVV ]ZLVFKHQ $EPHVVXQJ XQG ]XU 9HUIJXQJ VWHKHQGHQ
)XQNWLRQHQGHV/3&


>@6HLWH
  'DV&RQWUROOHUPRGXO&KLS


$EELOGXQJ3LQEHOHJXQJGHV&KLS

:LHLQGHUhEHUVLFKW]XVHKHQVWHKHQ3LQVIUGLH%XVVH7LPHU:DQGOHU(WKHUQHW IU
GLH3:0VRZLHIUGLH3URJUDPPLHUXQJXQGGDV'HEXJJHQ]XU9HUIJXQJ


>@6HLWH
'DV&RQWUROOHUPRGXO&KLS  

 :LFKWLJH.HQQJU|HQ
'HU &KLS EHVLW]W  $QVFKOXVVSLQV XQG HLQHQ /LQHDUUHJOHU ZHOFKHU GLH 3HULSKHULH
XQGGHQ/3&YHUVRUJW'HU5HJOHUHUP|JOLFKW(LQJDQJVVSDQQXQJHQELV9VROOWH
DEHUDXIJUXQGGHU$EZlUPHLP%HUHLFKYRQ9EHWULHEHQZHUGHQ'LHPD[LPDOH6WURP
DXIQDKPHLVWPLWP$DQJHJHEHQ

.HQQJU|H %HGLQJXQJ 7\SLVFK 0D[ (LQKHLW
9''    9
,''    P$
3LQV    
7DEHOOH.HQQJU|HQ&KLS

















8QWHUVXFKXQJHQDP1;3/3&  

 8QWHUVXFKXQJHQDP1;3/3&
,P9RUIHOGGHUHLJHQWOLFKHQ(QWZXUIVXQG3URJUDPPLHUDUEHLWZXUGHQHLQLJH8QWHUVXFKXQ
JHQDP/3&EH]LHKXQJVZHLVHGHP&KLSKLQVLFKWOLFK LKUHU7DXJOLFKNHLW IUGLH
VHV3URMHNWGXUFKJHIKUW'D]XZXUGHQHLQLJHNOHLQH%HLVSLHOSURJUDPPHHUVWHOOWZHOFKH
EHUHLWVLQGHU/HKUHGHU3URIHVVXU.RPPXQLNDWLRQVWHFKQLNGHU+RFKVFKXOH0LWWZHLGDHLQ
JHVHW]WZHUGHQ
 $XVJHZlKOWH8QWHUVXFKXQJHQDQ%HLVSLHOSURJUDPPHQ
 (QWZLFNOXQJVXPJHEXQJXQG*UXQGOHJHQGH&RQWUROOHUIXQNWLRQHQ
8P GLH )XQNWLRQHQ XQG %HGLHQEDUNHLW GHU GXUFK $50 E]Z .(,/ JHOLHIHUWHQ (QWZLFN
OXQJVXPJHEXQJVRZLHGHV&RQWUROOHUV]XEHZHUWHQZXUGHHLQVLPSOHV3URJUDPPHUVWHOOW
ZHOFKHV3RUWSLQV LQHLQHU]HLWOLFKHQ$EIROJHDQVWHXHUW'DEHLZHUGHQDXIGHP&KLS
YRUKDQGHQHXQGDQGLHVHQ3LQVDQJHVFKORVVHQH/('VEHGLHQW=XPHLQHQGLHQWHVGHU
(LQDUEHLWXQJLQGLH(QWZLFNOXQJVXPJHEXQJXQGGHU5HJLVWHUVWUXNWXUGHV&RQWUROOHUV]XP
DQGHUHQELHWHWHVHLQHQHLQIDFKHQ(LQVWLHJIU6WXGHQWHQ

01 init_lcd();
02 lcd_cursor(4,2);
03 lcd_putstring((unsigned char*)"Hello world!");
4XHOOFRGH%HLVSLHOSURJUDPP

=X %HJLQQ ZLUG GDV /&'LVSOD\ XQG GLH ]XU 6WHXHUXQJ EHQ|WLJWHQ 3RUWSLQJV LQLWODOLVLHUW
4XHOOFRGH=HLOH,P$QVFKOXVVZLUGGHU&XUVRUDXIGHP'LVSOD\DXIGLHJHZQVFK
WH3RVLWLRQJHVHW]WXQGGHU7H[WÄ+HOORZRUOG³DXVJHJHEHQ4XHOOFRGH=HLOH

  8QWHUVXFKXQJHQDP1;3/3&

01 LPC_GPIO1->FIODIR |=  (1<<led[0]) | 
02                       (1<<led[1]) | 
03                       (1<<led[2]) | 
04                       (1<<led[3]);
05
06 LPC_GPIO1->FIOCLR |=  (1<<led[0]) | 
07                       (1<<led[1]) | 
08                       (1<<led[2]) | 
09                       (1<<led[3]);
4XHOOFRGH%HLVSLHOSURJUDPP

8PGLH3RUWSLQV]XP6FKDOWHQGHU/('VQXW]HQ]XN|QQHQZHUGHQGLHVHEHUGDV5HJLV
WHUÄ),2',5³DOV$XVJlQJHNRQILJXULHUW4XHOOFRGH=HLOH,P$UUD\ÄOHG³VLQGGDIU
GLHNRUUHVSRQGLHUHQGHQ%LWSRVLWLRQHQGHUHLQ]HOQHQ3LQVJHVSHLFKHUWGLHVHUP|JOLFKWHLQH
EHUVLFKWOLFKH9HUZDOWXQJGHU3LQVVRZLHGDVVFKULWWZHLVH$QVWHXHUQGHU/('V LQHLQHU
6FKOHLIH'DQDFKZHUGHQGLH3LQV LQGHQ$XVJDQJV]XVWDQG Ä³ YHUVHW]W 4XHOOFRGH
=HLOH

01 while (true)
02 {
03 int i=0;
04
05     LPC_GPIO1->FIOCLR |=  (1<<led[prev_pos]);
06     LPC_GPIO1->FIOSET |= (1<<led[pos]);
07
08     prev_pos=pos; 
09     pos++; 
10
11 if (pos==4) pos=0;
12 for (i=0; i<8300000; i++); 
13 }
4XHOOFRGH%HLVSLHOSURJUDPP

,QGHUGDUDXIIROJHQGHQ:KLOH6FKOHLIHZHUGHQGLH/('VGHU5HLKHQDFKDQE]ZDXVJH
VFKDOWHW 'DEHL GLHQHQ GLH 9DULDEOHQ ÄSRV³ XQG ÄSUHYBSRV³ DOV 6SHLFKHUYDULDEOH IU GLH
DNWXHOOH3RVLWLRQGHV/DXIOLFKWHVVRZLHGLHYRUKHUJHKHQGH'LHOHW]WHDNWLYLHUWH/('ZLUG
GHDNWLYLHUW GLH DNWXHOOH 3RVLWLRQ DNWLYLHUW $QVFKOLHHQG ZLUG GLH DNWXHOOH 3RVLWLRQ LQ
ÄSUHYBSRV³JHVSHLFKHUWXQGGLH3RVLWLRQXPHLQVHUK|KW,VWGHU=lKOHUEHLYLHUDQJHNRP
PHQEHJLQQWGLH6FKOHLIHZLHGHUEHLGHU$QIDQJVSRVLWLRQ8PGDVDXIOHXFKWHQGHU/('V
IUGDVPHQVFKOLFKH$XJHZDKUQHKPEDU]XPDFKHQZLUGPLW+LOIHHLQHUIRU6FKOHLIHHLQH
9HU]|JHUXQJHU]HXJW4XHOOFRGH
)UGLH$QVWHXHUXQJGHV/&'LVSOD\VLP%LW0RGXVZXUGHHLQH%LEOLRWKHNIUGHQ&RQ
WUROOHU+'HUVWHOOWZHOFKHLPZHLWHUHQ9HUODXIGHV3URMHNWHVJHQXW]WZXUGH
8QWHUVXFKXQJHQDP1;3/3&  

 $':DQGOHU
'LH )XQNWLRQ GHV $':DQGOHUV ZXUGH JHWHVWHW LQ GHP GLH $QDORJVSDQQXQJ DP
(LQJDQJVSLQJHPHVVHQXQGDXIHLQHP/&'LVSOD\DXVJHJHEHQZLUGDXFKKLHUZXUGHGLH
EHUHLWV YRUKDQGHQH %LEOLRWKHN IU GDV'LVSOD\ YHUZHQGHW 'LH ,QLWLDOLVLHUXQJ XQG 6WHXH
UXQJGHV$':DQGOHUV LVW LQZHQLJHQ=HLOHQ UHDOLVLHUWZRUGHQ:lKUHQGGHU3URJUDPP
HQWZLFNOXQJZXUGHDOOHUGLQJVIHVWJHVWHOOWGDVVGHU$':DQGOHUXQZLOONUOLFKVRJHQDQQWH
*OLWFKHV DOVR )DOVFKPHVVXQJHQ JHQHULHUW 'D EHL GLHVHP 9HUVXFK QXU GLH SULQL]SLHOOH
)XQNWLRQXQG%HGLHQXQJGHV:DQGOHUV  LP0LWWHOSXQNWVWDQGZXUGHGHU)HKOHU WROHULHUW
:HLWHUH ,QIRUPDWLRQHQ ]X GLHVHP)HKOHU XQG GHVVHQ5HOHYDQ] IU GLH $QZHQGXQJ GHV
/3&EHILQGHQVLFKLQ.DSLWHO

01 LPC_ADC->ADCR |= (1<<21);
02 LPC_ADC->ADCR |= (1<<0) | (0xFF<<8);
03 LPC_PINCON->PINSEL1 |= (1<<14);
4XHOOFRGH%HLVSLHOSURJUDPP

'HU $':DQGOHU ZLUG GXUFK GDV 6HW]HQ GHV %LWV Ä3'1³ DQ 3RVLWLRQ  LP 5HJLVWHU
$'&5DNWLYLHUW$XHUGHPPXVVGLH)XQNWLRQGHV3RUWSLQVIUGHQ$'&NRQILJXULHUWZHU
GHQGLHVJHVFKLHKWLP5HJLVWHUÄ3,16(/³4XHOOFRGH=HLOH

01 LPC_ADC->ADCR |= (1<<24);
4XHOOFRGH%HLVSLHOSURJUDPP

$QVFKOLHHQGZLUGGLHHUVWH.RQYHUWLHUXQJJHVWDUWHWGD]XPXVVGDV%LW LP5HJLVWHU
Ä$'&5³JHVHW]WZHUGHQ4XHOOFRGH

  8QWHUVXFKXQJHQDP1;3/3&

01 while (true)
02 {
03 if (((LPC_ADC->ADDR0)>>31)&0x01)
04     { 
05 char s_result[6] = {"0.000\0"};
06 int result = ((LPC_ADC->ADDR0)>>4)&0xFFF;
07 double d_result = (double)result;
08         d_result = 3.3/4096*result;
09 sprintf(s_result,"%5.3f",d_result);
10 lcd_cursor(1,1);
11 lcd_putstring((unsigned char*)s_result);
12 lcd_putchar('V');
13         LPC_ADC->ADCR |= (1<<24);
14     } 
15 }
4XHOOFRGH%HLVSLHOSURJUDPP

,QGHUGDUDXI IROJHQGHQ:KLOH6FKOHLIHZLUGJHSUIWREGLH.RQYHUWLHUXQJDEJHVFKORVVHQ
LVW4XHOOFRGH=HLOHGLHVZLUGVLJQDOLVLHUWLQGHPGDV%LWGHV5HJLVWHUVÄ$''5³
JHVHW]WLVW,QGLHVHP)DOOZLUGGHU'LJLWDOZHUWDXVGHP5HJLVWHUÄ$''5³JHOHVHQLQHL
QHQ6WULQJNRQYHUWLHUWXQGDXIGHP'LVSOD\DXVJHJHEHQ'D]XZLUGHUPLWKLOIHGHU)XQNWL
RQ ÄVSULQWI³ HQWVSUHFKHQG IRUPDWLHUW $EVFKOLHHQG ZLUG HLQH QHXH .RQYHUWLHUXQJ GHV
$'&JHVWDUWHW4XHOOFRGH=HLOHII
 '$:DQGOHUXQG=XVWDQGVDEIUDJHYRQ3RUWSLQV
,QGLHVHP9HUVXFKZXUGHGLH)XQNWLRQXQG%HGLHQXQJGHV'$:DQGOHUVVRZLHGLH=X
VWDQGVDEIUDJHYRQ3RUWSLQVXQGVRPLWGLH5HDOLVLHUEDUNHLWYRQ6FKDOWHUQEHUSUIW'D]X
ZXUGH DP $XVJDQJ GHV :DQGOHUV HLQH 6SDQQXQJ DXVJHJHEHQ ZHOFKH VLFK DEKlQJLJ
GDYRQZHOFKHU 6FKDOWHU JHGUFNWZLUGPLW HLQHU IHVWJHOHJWHQ6FKULWWZHLWH lQGHUW 'LHVH
9RUJHKHQVZHLVHZXUGHXQWHU DQGHUHPJHZlKOW GD GLH)XQNWLRQ GHQ6WXGHQWHQPLWKLOIH
GHV2V]LOORVNRSVLQJHHLJQHWHU:HLVHYLVXHOOQlKHUJHEUDFKWZHUGHQNDQQ'HV:HLWHUHQ
EHVWHKWGLH0|JOLFKNHLWHLQHQIHVWHQLP3URJUDPPFRGHIHVWJHOHJWHQ:HUWDXV]XJHEHQ

01 int dac_value=0;
02 LPC_SC->PCLKSEL0 |= (3<<22);
03 LPC_PINCON->PINSEL1 |= (1UL<<21);
04 LPC_DAC->DACR = (dac_value<<6);
4XHOOFRGH%HLVSLHOSURJUDPP

=X%HJLQQZLUGGHU'$:DQGOHUNRQILJXULHUWKLHU]XZLUGGHU7DNWGHV:DQGOHUVPLWKLOIH
GHV5HJLVWHUV3&/.6(/DXI0K]IHVWJHOHJWLQGHPGLH%LWVXQGJHVHW]WZHUGHQ
4XHOOFRGH=HLOH$QVFKOLHHQGPXVVGLH)XQNWLRQIUGHQ3RUWSLQ3DXIÄ'$&³
8QWHUVXFKXQJHQDP1;3/3&  

JHlQGHUWZHUGHQ GLHV JHVFKLHKW GXUFK GDV6HW]HQ GHV%LWV  LP5HJLVWHU Ä3,16(/³
4XHOOFRGH=HLOH%HYRUGDV3URJUDPPLQHLQH6FKOHLIHEHUJHKWZLUGGHU:DQGOHU
QRFKPLWGHP$XVJDQJVZHUWÄ³LQLWLDOLVLHUW4XHOOFRGH=HLOHQXQG

01 while (continous) 
02 {
03 if (!(((LPC_GPIO0->FIOPIN)>>16)&0x1))
04     { 
05 if ((dac_value+62)>=1024) dac_value=1023;
06 else dac_value+=62;
07         LPC_DAC->DACR = (dac_value<<6);
08 wait_ms(150);
09     } 
10 else if (!(((LPC_GPIO0->FIOPIN)>>6)&0x1))
11     { 
12 if ((dac_value-62)<0) dac_value=0;
13 else dac_value-=62;
14         LPC_DAC->DACR = (dac_value<<6);
15 wait_ms(150);
16     } 
17 }
4XHOOFRGH%HLVSLHOSURJUDPP

:XUGHGDV6\PEROÄFRQWLQRXV³PLW+LOIHGHU3UlSUR]HVVRUHQDXIÄWUXH³JHVHW]WVRDUEHLWHW
GDV 3URJUDPP NRQWLQXLHUOLFK GLH 6FKOHLIH DE 4XHOOFRGH  =HLOH  ,QQHUKDOE GLHVHU
6FKOHLIH ZLUG JHSUIW ZHOFKHU GHU %HLGHQ 7DVWHU DQ GHQ 3LQV 3 XQG 3 EHWlWLJW
ZXUGH4XHOOFRGH=HLOHQXQG3LQ3HUK|KWGLHDXVJHJHEHQH6SDQQXQJLQ
HWZDXP9SUR6FKULWWZDVHLQHPGLJLWDOHQ:HUWYRQHQWVSULFKW3YHUULQJHUWGLH
6SDQQXQJ 4XHOOFRGH  =HLOHQ  XQG  'XUFK GLH LI$QZHLVXQJHQZLUG GLH XQWHUH
E]ZREHUH*UHQ]HGHV:HUWHVDXIXQGIHVWJHOHJWZDVJHQDXGHU*U|HGHVHQW
VSUHFKHQGHQ5HJLVWHUVGHV'$&HQWVSULFKW4XHOOFRGH=HLOHQXQG0LW+LOIHGHU
)XQNWLRQ ÄZDLWBPV³ ZLUG HLQH 6RIWZDUHYHU]|JHUXQJ DXVJHIKUW XP GLH 7DVWHU ]X
HQWSUHOOHQ4XHOOFRGH=HLOHQXQG

01 LPC_DAC->DACR = (DAC_Value<<6);
02
03 while (true)
04 {
05 }
4XHOOFRGH%HLVSLHOSURJUDPP

  8QWHUVXFKXQJHQDP1;3/3&

,VWGDV6\PEROÄFRQWLQRXV³QLFKWÄWUXH³VRZLUGGLHHUVWH6FKOHLIHEHUVSUXQJHQXQGGHU
:HUWZHOFKHUGXUFKGDV6\PEROÄ'$&B9DOXH³IHVWJHOHJWZXUGHDXVJHJHEHQ'LH]ZHLWH
:KLOH6FKOHLIHYHUKLQGHUWGDV%HHQGHQGHV3URJUDPPVVRGDVVGLH6SDQQXQJDP$XV
JDQJGHV'$&NRQVWDQWEHLGHPHLQJHVWHOOWHQ:HUWEOHLEW4XHOOFRGH
$EELOGXQJ ]HLJW HLQH'DUVWHOOXQJGHU$XVJDQJVVSDQQXQJDXIHLQHP2V]LOORVNRS=X
VHKHQLVWZLHGLH6SDQQXQJVFKULWWZHLVHPLW+LOIHGHU7DVWHUELV]XP0D[LPXPHUK|KWXQG
DQVFKOLHHQGZLHGHUYHUULQJHUWZLUG


$EELOGXQJ$XVJDQJVVSDQQXQJGHV'$:DQGOHUV

 (WKHUQHWXQG7&3,3
'HU OHW]WH XQG HWZDV XPIDQJUHLFKHUH 9HUVXFK ZLGPHWH 6LFK GHU (WKHUQHW6FKQLWWVWHOOH
VRZLHGHP7&3,36WDFNYRQ.(,/ZHOFKHUXQWHU/L]HQ]JHQXW]WZHUGHQGDUI'D]XZXU
GHGHU6WDFNHQWVSUHFKHQGGHU'RNXPHQWDWLRQYRQ.(,/ LPSOHPHQWLHUW XQGHLQH6RIW
ZDUHLQ&IU:LQGRZVJHVFKULHEHQ'LHVH6RIWZDUHEHUWUlJWHLQ%\WHDQGHQ&RQWURO
OHUZHOFKHUHQWVSUHFKHQGGHV,QKDOWHVZHOFKHUÄ³RGHUÄ³VHLQNDQQHLQH/('DQRGHU
DXVVFKDOWHW



>@
8QWHUVXFKXQJHQDP1;3/3&  

01 LPC_GPIO1->FIODIR |= (1<<18);
02 LPC_GPIO1->FIOCLR |= (1<<18);
03 SysTick->LOAD = (SystemCoreClock / 100) - 1;
04 SysTick->CTRL = 0x05;
4XHOOFRGH%HLVSLHOSURJUDPP

$OVHUVWHVZLUGGHU3RUWSLQDQGHPGLH/('DQJHVFKORVVHQLVWDOV$XVJDQJGHILQLHUWXQG
DXIÄ³JHVHW]WVRZLHGHU6\V7LFN7LPHULQLWDOLVLHUWXQGJHVWDUWHW'LHVHUJLEWGHQ7DNWIU
GDV]\NOLVFKH$XVIKUHQGHV7&36WDFNVYRUGDGLHKLHUYHUZHQGHWH%LEOLRWKHNYRQ.(,/
LP3ROO9HUIDKUHQDUEHLWHW'HU6\V7LFN7LPHUZLUGPLWGHP&387DNWDOVR0+]JH
WDNWHWXQGJHQHULHUWHLQHQ,QWHUUXSWVREDOGGDV=lKOUHJLVWHUZHOFKHVPLW MHGHP7DNWHU
QLHGULJWZLUGGHQ:HUWHUUHLFKWKDW,QGLHVHP)DOOZLUGGDV=lKOUHJLVWHUPLWGHP:HUW
Ä(SystemCoreClock / 100) – 1”DOVRDXVGHP5HJLVWHUÄ/2$'³JHODGHQ'HU
,QWHUUXSWZLUGGHPHQWVSUHFKHQGQDFKPVHUUHLFKWGD=\NOHQQ|WLJVLQG4XHOOFRGH
'LH$Q]DKOGHUQ|WLJHQ=\NOHQEHUHFKQHWVLFKZLHIROJW

݊ ൌ ͳͲͲ ή ͳͲ଺ܯܪݖ ή ͳͲ݉ݏ ൌ ͳͲͲ ή ͳͲଷ

1DFK GHP GHU 7&36WDFNPLW +LOIH GHU SURSULHWlUHQ )XQNWLRQ ÄLQLWB7FS1HW³ LQLWLDOLVLHUW
ZXUGHZLUGHLQ7&36RFNHWDXI3RUWHUVWHOOWDXIGHPGHU6HUYHUODXVFKW'LH)XQWNLRQ
ÄWFSBFDOOEDFN³ZLUGDXIJHUXIHQVREDOGGHU6WDFNHLQ(UHLJQLVDQGHU(WKHUQHWVFKQLWWVWHOOH
UHJLVWULHUW4XHOOFRGH

01 init_TcpNet();
02
03 socket_tcp = tcp_get_socket(TCP_TYPE_SERVER,0,1,tcp_callback);
04 if ( socket_tcp != 0 ) 
05 {
06 tcp_listen(socket_tcp,80);
07 }
4XHOOFRGH%HLVSLHOSURJUDPP

,Q GHU GDUDXI IROJHQGHQ:KLOH6FKOHLIH ZHUGHQ EHL MHGHP'XUFKODXI GLH )XQNWLRQHQ ÄWL
PHUBSROO³ ÄPDLQB7FS1HW³ XQG ÄVHQGBGDWD³ DXIJHUXIHQ 4XHOOFRGH  ZREHL HV
VLFKEHLÄPDLQB7FS1HW³XPHLQHGXUFKGHQ1HW]ZHUNVWDFNYRUJHJHEHQH)XQNWLRQKDQGHOW
'LHVHPXVV]XUNRUUHNWHQ)XQNWLRQGHU1HW]ZHUNDQELQGXQJ UHJHOPlLJDXIJHUXIHQZHU
GHQ
  8QWHUVXFKXQJHQDP1;3/3&


01 while (true)
02 {
03 timer_poll();
04 main_TcpNet();
05 send_data();
06 }
4XHOOFRGH%HLVSLHOSURJUDPP

Funktion „timer_poll()“ 
'LH )XQNWLRQ EHUSUIW GDV5HJLVWHU Ä&75/³ GHV 6\V7LFN7LPHUV DXI GDV %LW 'LHVHV
ZLUGJHVHW]WZHQQGDV=lKOUHJLVWHUGHQ:HUWHUUHLFKWKDWZDVDOOHUPVJHVFKLHKW,VW
GLHVGHU)DOOVRZLUGGLH)XQNWLRQ ÄWLPHUBWLFN³DXVJHIKUW'LHVHZLUGZLHGLH)XQNWLRQ
ÄPDLQB7FS1HW³GXUFKGLH%LEOLRWKHNYRQ.(,/YRUJHJHEHQXQGPXVV]\NOLVFKDXVJHIKUW
ZHUGHQ

01 void timer_poll()
02 {
03 if ((SysTick->CTRL) & 0x10000)
04     { 
05 timer_tick (); 
06     } 
07 }
4XHOOFRGH%HLVSLHOSURJUDPP)XQNWLRQWLPHUBSROO

Funktion send_data() 
'LH)XQNWLRQGLHQWGHP9HUVHQGHQYRQ'DWHQDQHLQHQDXIGHPYRUKDQGHQ6RFNHWYHU
EXQGHQHQ &OLHQW ,VW GLH GXUFK GLH ÄWFSBFDOOEDFN³)XQNWLRQ YHUlQGHUWH 9DULDEOH
ÄVHQGBDFN³ZDKUVRZLUGGHU6RFNHWGDUDXIEHUSUIWREHLQ&OLHQWYHUEXQGHQXQGGDV
6HQGHQYRQ'DWHQP|JOLFK LVW 4XHOOFRGH=HLOH II7ULIIWEHLGHV]XVRZLUGHQW
VSUHFKHQGGHV=XVWDQGHVYRQ3RUWSLQ3HLQHÄ³RGHUHLQHÄ³YHUVHQGHW4XHOOFRGH
=HLOHII

8QWHUVXFKXQJHQDP1;3/3&  

01 void send_data()
02 {
03 if ( send_ack ) 
04     { 
05 if (tcp_get_state(socket_tcp) == TCP_STATE_CONNECT) 
06         { 
07 if (tcp_check_send(socket_tcp))
08             { 
09                 U8 *sendbuf; 
10                 sendbuf = tcp_get_buf(1);
11                 *sendbuf = (((LPC_GPIO1->FIOPIN>>18)&0x01)==1)
12                 ? '1' : '0';
13 tcp_send(socket_tcp,sendbuf,1);
14             } 
15         } 
16         send_ack = false;
17     } 
18 }
4XHOOFRGH%HLVSLHOSURJUDPP)XQNWLRQVHQGBGDWD

Funktion tcp_callback() 
'LHVH)XQNWLRQZLUGDXIJHUXIHQVREDOGHLQHVGHULQGHU%LEOLRWKHNYRUGHILQLHUWHQ(UHLJQLV
VHHLQWULWW0|JOLFKVLQGIROJHQGH(UHLJQLVVH

x 7&3B(97B&215(4 9HUELQGXQJVDQIUDJH
x 7&3B(97B$%257  9HUELQGXQJVDEEUXFK
x 7&3B(97B&211(&7 9HUELQGXQJKHUJHVWHOOW
x 7&3B(97B&/26(  9HUELQGXQJJHVFKORVVHQ
x 7&3B(97B$&.  &OLHQWEHVWlWLJW'DWHQHPSIDQJ
x 7&3B(97B'$7$  HLQJHKHQGH'DWHQ 

%HLGLHVHP%HLVSLHOSURJUDPPZLUGDXIGHQ(PSIDQJYRQ'DWHQJHSUIW4XHOOFRGH
=HLOH(QWVSUHFKHQGGHV,QKDOWVZHOFKHUÄ³RGHUÄ³VHLQNDQQZLUGGDV3RUWSLQ3
DXIÄ³RGHUÄ³JHVHW]WXQGGLHGDUDQDQJHVFKORVVHQH/('DQE]ZDXVJHVFKDOWHW'LH
(UHLJQLVVHÄ7&3B(97B&215(4³XQGÄ7&3B(97B&211(&7³ZHOFKHEHLHLQHU9HUELQ
GXQJVDQIUDJHXQGGHPHUIROJUHLFKHQ+HUVWHOOHQHLQHU9HUELQGXQJDXVJHO|VWZHUGHQEH
HQGHQGLH)XQNWLRQPLWGHP5FNJDEHZHUWÄ³ZHOFKHUGHP7&36WDFNVLJQDOLVLHUWZHL
WHU]XDUEHLWHQ4XHOOFRGH=HLOHII

  8QWHUVXFKXQJHQDP1;3/3&

01 U16 tcp_callback(U8 socket, U8 event, U8 *rcv_data,U16 par) 
02 {
03 if ( socket != socket_tcp ) 
04     { 
05 return (0);
06     } 
07 switch (event) 
08     { 
09 case TCP_EVT_DATA: 
10 if (*rcv_data == '1')
11         { 
12             LPC_GPIO1->FIOSET |= (1<<18);
13         } 
14 else if (*rcv_data == '0')
15         { 
16             LPC_GPIO1->FIOCLR |= (1<<18);
17         } 
18         send_ack = true;
19 break;
20 case TCP_EVT_CONREQ: 
21 return (1);
22 case TCP_EVT_CONNECT: 
23 return (1);
24     } 
25 return (0);
26 }
4XHOOFRGH%HLVSLHOSURJUDPP)XQNWLRQWFSBFDOOEDFN

 'HU$':DQGOHU)HKOHUXQG5HOHYDQ]
:LHEHUHLWV HUZlKQWZXUGHZlKUHQGGHU9RUXQWHUVXFKXQJHQ IHVWJHVWHOOW GDVV GHU$'&
GHV/3&*OLWFKHVHU]HXJW8PHLQHQ)DEULNDWLRQVIHKOHUDXV]XVFKOLHHQZXUGHGDV
3URJUDPPDXIZHLWHUHQ DQGHUHQ'HULYDWHQ JHWHVWHW XQGPHKUPDOV EHUSUIW 1DFK5H
FKHUFKH]XGLHVHP)HKOHUVFKHLQWHVVLFKGDEHLXPHLQHQ'HVLJQIHKOHULQGHU$UFKLWHNWXU
GHV&KLSV]XKDQGHOQHLQHRIIL]LHOOH0LWWHLOXQJYRQ1;3RGHU$50GD]XJLEWHVDOOHUGLQJV
QLFKW'LHVH6FKOXVVIROJHUXQJEDVLHUWDXIlKQOLFKHQ)HKOHUEHVFKUHLEXQJHQ LQHLQVFKOlJL
JHQ,QWHUQHWIRUHQVRZLHGHP6XSSRUWIRUXPYRQ.(,/ LQGHQHQHLQlKQOLFKHV9HUKDO
WHQPHKUIDFKJHVFKLOGHUWZLUG


*OLWFK±NXU]]HLWLJHU)HKOHULQGLJLWDOHQ6\VWHPZHOFKHULQHLQHPIDOVFKHQ,PSXOVUHVXOWLHUW
KWWSGHYHORSHUPEHGRUJIRUXPPEHG
KWWSZZZNHLOFRPIRUXP

8QWHUVXFKXQJHQDP1;3/3&  



$EELOGXQJ*OLWFKGHV$':DQGOHUV

%HLGHP)HKOHUKDQGHOWHVVLFKXPHLQH)DOVFKPHVVXQJZHOFKHJHOHJHQWOLFK:HUWH LP
REHUHQ%HUHLFKGHV6SDQQXQJVEHUHLFKHVXPVHW]W'LHVLVWIUGLHLQGLHVHP)DOOJHSODQWH
$QZHQGXQJZHQLJHU UHOHYDQWGDNHLQHNXU]]HLWLJHQNRQWLQXLHUOLFKHQ9HUlQGHUXQJHQJH
PHVVHQ ZHUGHQ )U HLQH TXDVLVWDWLVFKH ODQJVDPH bQGHUXQJ E]Z HLQH 0HVVXQJ PLW
JHULQJHU(QWURSLH LVWGLHVHU)HKOHUDOVRYHUQDFKOlVVLJEDUGDHU ,QWHUSROLHUWRGHUDXVVRU
WLHUWZHUGHQNDQQ6ROOHQNRQWLQXLHUOLFKH6LJQDOHDEJHWDVWHWZHUGHQVRVROOWHQ+DUGRGHU
6RIWZDUHILOWHUZLH]%HLQ7LHISDVVRGHU$OJRULWKPXV]XU0LWWHOXQJYRQ:HUWHQHLQJHVHW]W
ZHUGHQ

'LH6PDUW+RPH$SSOLNDWLRQ  

 'LH6PDUW+RPH$SSOLNDWLRQ
%HL GHU HUVWHOOWHQ $SSOLNDWLRQ KDQGHOW HV VLFK XP HLQHQ $XIEDX ZHOFKHU GLH SULQ]LSLHOOH
)XQNWLRQ HLQHV 6PDUW +RPH DQKDQG HLQHV /3& GHPRQVWULHUHQ VROO 'DEHL ZHUGHQ
GHU&RQWUROOHUXQGVHLQH3HULSKHULHEHUHLQH3&6RIWZDUHZHOFKHEHU(WKHUQHWPLWGHP
&RQWUROOHU NRPPXQL]LHUW JHVWHXHUW XQG EHUZDFKW 6RZRKO GLH )LUPZDUH DOV DXFK GLH
6WHXHUVRIWZDUHXQGGLH+DUGZDUHVFKDOWXQJZXUGHQLP5DKPHQGLHVHV3URMHNWHVHUVWHOOW
 $OOJHPHLQHV
'DV6\VWHPLVWQDFKGHPNODVVLVFKHQ6HUYHU&OLHQW3ULQ]LSDXIJHEDXWZREHLGHU&RQWURO
OHUGHP6HUYHUHQWVSULFKWZHOFKHUGXUFKGHQ3&PLWKLOIHGHU6WHXHUVRIWZDUHDOV&OLHQW
EHGLHQWZLUG'DEHLZLUGGLH9HUELQGXQJEHUNODVVLVFKHV(WKHUQHWPLW%$6(7;DOVR
0ELWVhEHUWUDJXQJVUDWH,(((&ODXVHKHUJHVWHOOW$OV7UDQVSRUWSURWRNROO
ZLUG7&3,3HLQJHVHW]WDXIGHU$QZHQGXQJVHEHQHNRPPWHLQHLJHQHVYRQGHU3URIHVVXU
.RPPXQLNDWLRQVWHFKQLNHQWZLFNHOWHV3URWRNROO]XP(LQVDW]
 hEHUWUDJXQJVSURWRNROO
%LV DXI GLH hEHUWUDJXQJVHEHQH GHU 7UDQVSRUWVFKLFKW QDFK GHP 26,0RGHOO VHW]W GDV
6\VWHPDXIEHZlKUWH6WDQGDUGV6RZLUG ,((( IUGLHXQWHUHQEHLGHQ6FKLFKWHQ
DOVRGLHSK\VLVFKHXQGGLH%LWEHUWUDJXQJVVFKLFKWHLQJHVHW]WGDUEHUIROJWGDV,QWHUQHW
SURWRNROOLQ6FKLFKWGHU9HUPLWWOXQJVVFKLFKWXQGGDV7&3DOV7UDQVSRUWVFKLFKW6FKLFKW
 'LHV HUP|JOLFKW HLQH JURH .RPSDWLELOLWlW YRU $OOHP ]X GHQ DOV &OLHQW HLQVHW]EDUHQ
*HUlWHQ 'HV:HLWHUHQ NDQQ GLH SK\VLVFKH 6FKLFKW GXUFK *DWHZD\V HUZHLWHUW ZHUGHQ
VRGDVV]XP%HLVSLHODXFK,(((DOVR:LUHOHVV/$1HLQJHVHW]WZHUGHQNDQQ
=XVlW]OLFKZXUGHHLQGXUFKGLH3URIHVVXU.RPPXQLNDWLRQVWHFKQLNHQWZLFNHOWHV3URWRNROO
DXIGHU$QZHQGXQJVVFKLFKW LPSOHPHQWLHUW'LHVGLHQWGHU$XWKHQWLIL]LHUXQJYRQ7HLOQHK
PHUQXQGGHUDQVFKOLHHQGHQhEHUWUDJXQJGHU1XW]GDWHQQDFKHLQHPIHVWHQ6FKHPD


>@
9JO.DSLWHO
>@
  'LH6PDUW+RPH$SSOLNDWLRQ

 'DV,6226,5HIHUHQ]PRGHOO
'DV26,5HIHUHQ]PRGHOOLVWHLQ0RGHOOZHOFKHVYRQ,78XQG,62GD]XYHUZHQGHWZLUG
1HW]ZHUNSURWRNROOH LQ6FKLFKWHQ]XEHVFKUHLEHQ(VZXUGH LP-DKUGXUFKGLH ,78
EH]LHKXQJVZHLVHGXUFKGLH,62VWDQGDUGLVLHUWXQGVROOGDEHLKHOIHQGLH.RPPXQL
NDWLRQ EHU YHUVFKLHGHQH WHFKQLVFKH 6\VWHPH KLQZHJ ]X YHUHLQKHLWOLFKHQ XQG GDGXUFK
ZLHGHUXPGLH(QWZLFNOXQJ]XYHUHLQIDFKHQXQGYRUDQ]XWUHLEHQ'DEHLZLUGGLH.RPPXQL
NDWLRQ]ZLVFKHQ7HLOQHKPHUQLQVLHEHQ6FKLFKWHQHLQJHWHLOWZREHLMHGHHLQHQEHVFKUlQN
WHQ$XIJDEHQEHUHLFKKDW$EELOGXQJ'DEHLZHUGHQGLHXQWHUVWHQYLHU6FKLFKWHQDOV
WUDQVSRUWRULHQWLHUWH GLH GDUEHU OLHJHQGHQ GUHL 6FKLFKWHQ DOV DQZHQGXQJVRULHQWLHUWH
6FKLFKWHQ]XVDPPHQJHIDVVW


$EELOGXQJ'DV26,5HIHUHQ]PRGHOO



>@
>@
>@6HLWH
'LH6PDUW+RPH$SSOLNDWLRQ  

6.2.1.1 Bitübertragungsschicht 
'LH%LWEHUWUDJXQJVVFKLFKWLVWGLHHUVWHXQGXQWHUVWH6FKLFKWGHV0RGHOOVVLHHQWKlOWDOOHV
1|WLJHXPHLQHSK\VLVFKH9HUELQGXQJ]ZLVFKHQGHQ7HLOQHKPHUQKHU]XVWHOOHQ'DUEHU
KLQDXVZLUGGHILQLHUWLQZHOFKHU$UWXQG:HLVHGLH,QIRUPDWLRQHQDXI%LWHEHQHEHUWUDJHQ
ZHUGHQ
6.2.1.2 Sicherungsschicht 
'LH6LFKHUXQJVVFKLFKWXQWHUWHLOWGHQ ,QIRUPDWLRQVVWURP LQ%O|FNHXQG IJW5HGXQGDQ]HQ
]XU 6LFKHUXQJ GHU EHUWUDJHQHQ ,QIRUPDWLRQHQ KLQ]X 'D]X ZHUGHQ LQ GHU 5HJHO 3UI
VXPPHQRGHU3DULWlWHQYHUZHQGHW
6.2.1.3 Vermittlungsschicht 
,Q GHU 9HUPLWWOXQJVVFKLFKW VRUJHQ 3URWRNROOH IU GDV 9HUPLWWHOQ GHU ,QIRUPDWLRQHQ ]XP
JHZQVFKWHQ(PSIlQJHU'D]X ]lKOW GDV VFKDOWHQ YRQ9HUELQGXQJHQRGHU GDV:HLWHU
YHUPLWWHOQHLQ]HOQHU'DWHQSDNHWHVRZLHGDVDXVZlKOHQJHHLJQHWHU5RXWHQ]XP=LHO
6.2.1.4 Transportschicht 
'LH7UDQVSRUWVFKLFKWGLHQWGHU6HJPHQWLHUXQJGHV'DWHQVWURPVXQGVRUJWGDIUGDVVGLH
'DWHQEHLP(PSIlQJHULQGHUULFKWLJHQ5HLKHQIROJHZLHGHU]XVDPPHQJHVHW]WXQGVRPLW
GHU'DWHQVWURP UHNRQVWUXLHUWZLUG 6LH HUP|JOLFKW GHQ GDUEHU OLHJHQGHQ6FKLFKWHQ DX
HUGHPHLQHQHLQKHLWOLFKHQ=XJULIIDXIGLH7UDQVSRUWLQIUDVWUXNWXULQ1HW]ZHUNHQXQDEKlQ
JLJYRQGHUHQ(LJHQVFKDIWHQ'LH7UDQVSRUWVFKLFKWXQWHUVFKHLGHWVRZRKOYHUELQGXQJVORVH
7UDQVSRUWSURWRNROOH ZLH 8'3 DOV DXFK YHUELQGXQJVRULHQWLHUWH 7UDQVSRUWSURWRNROOH ZLH
7&3
6.2.1.5 Sitzungsschicht 
'LH6LW]XQJVVFKLFKWEHVFKUHLEWGHQ$EODXIYRQYLUWXHOOHQ9HUELQGXQJHQ]ZLVFKHQ$QZHQ
GXQJVSUR]HVVHQ'DEHL HUP|JOLFKW GHQ$XI XQG$EEDX VRZLH GLH 6\QFKURQLVDWLRQ GHU
9HUELQGXQJ6ROOWHGLH9HUELQGXQJLQHLQHUGDUXQWHUOLHJHQGHQ6FKLFKWXQWHUEURFKHQZHU
GHQNDQQGLHVHDQZlKUHQGGHU6LW]XQJDQJHOHJWHQ3XQNWHQZLHGHUKHUJHVWHOOWZHUGHQ
6.2.1.6 Darstellungsschicht 
'LH'DUVWHOOXQJVVFKLFKWHUP|JOLFKWGLHHLQKHLWOLFKH'DUVWHOOXQJYRQ,QIRUPDWLRQHQDXIXQ
WHUVFKLHGOLFKHQ6\VWHPHQ6LHHQWKlOW0HWKRGHQ]XU.RGLHUXQJXQG.RQYHUWLHUXQJXPGLH
8QWHUVFKLHGH ]ZLVFKHQ YHUVFKLHGHQHQ DQJHZHQGHWHQ 6WDQGDUGV DXV]XJOHLFKHQ $XFK
VLQG GLH )XQNWLRQHQ ]XU 'DWHQNRPSUHVVLRQ XQG YHUVFKOVVHOXQJ LQ GHU 'DUVWHOOXQJV
VFKLFKWDQJHVLHGHOW
  'LH6PDUW+RPH$SSOLNDWLRQ

6.2.1.7 Anwendungsschicht 
%HLGHU$QZHQGXQJVVFKLFKWKDQGHOWHVVLFKXPDQZHQGXQJVVSH]LILVFKH)XQNWLRQHQZHO
FKH GHQ =XJULII DXI GLH GDUXQWHUOLHJHQGHQ 6FKLFKWHQ VRZLH GLH (LQ XQG $XVJDEH YRQ
,QIRUPDWLRQHQHUP|JOLFKHQ
 ,PSOHPHQWLHUXQJGHUSK\VLVFKHQXQGGHU%LWEHUWUDJXQJV
VFKLFKW
:LHEHUHLWVHUZlKQWHUP|JOLFKWGHU(LQVDW]GHUZHLWYHUEUHLWHWHQ6WDQGDUGVHLQHQHLQID
FKHQXQGK|FKVWNRPSDWLEOHQ$XIEDX(WKHUQHWDOV*UXQGVWHLQGHVPRGHUQHQ ,QWHUQHWV
VWHKWJURIOlFKLJ]XU9HUIJXQJHVJLEWQDKH]XEHUDOOEHUHLWVYRUKDQGHQH,QIUDVWUXNWXU
VRZLH(QGJHUlWHZHOFKH,(((XQWHUVWW]HQ'HV:HLWHUHQJLEWHVHLQH9LHO]DKOYRQ
*DWHZD\VXPGHQhEHUJDQJLQDQGHUH1HW]ZHUNH]XHUP|JOLFKHQVR]%LQHLQ:LUHOHVV
/$1QDFK,((('HU6HUYHUNDQQHLQIDFKDQHLQHQ5RXWHUDQJHVFKORVVHQZHUGHQ
ZHOFKHU EHU EHLGH6WDQGDUGV YHUIJW XQG HUP|JOLFKW VR GHQ NDEHOORVHQ=XJULII DXI GLH
6PDUW+RPH$SSOLNDWLRQ
 ,PSOHPHQWLHUXQJGHU9HUPLWWOXQJVXQG7UDQVSRUWVFKLFKW
6.2.3.1 Das Internetprotokoll (IP) 
'LH9HUPLWWOXQJVVFKLFKWGLHQWGHU$GUHVVLHUXQJGHU7HLOQHKPHU,QGLHVHP)DOONRPPWGDV
,QWHUQHWSURWRNROOLQGHU9HUVLRQYLHU,3Y]XP(LQVDW](VLVWHEHQVRZLHGDV(WKHUQHW
HVVHQWLHOOHU%HVWDQGWHLOGHV,QWHUQHWVXQGGHPHQWVSUHFKHQGJHQDXVRJURIOlFKLJHLQVHW]
EDU$XIGLH,PSOHPHQWLHUXQJGHV1DFKIROJHVWDQGDUGV,3YZXUGHEHZXVVWYHU]LFKWHWGD
DOOHJlQJLJHQ6\VWHPH,3YXQWHUVWW]HQ MHGRFKQRFKQLFKWYRQDOOHQGLH9HUVLRQXQ
WHUVWW]WZLUG'HU6HUYHUYHUZHQGHWGDEHLGLHIHVWHLQJHVWHOOWHQLFKW|IIHQWOLFKH$GUHVVH
GHU&OLHQWPXVVVLFKGHPHQWVSUHFKHQG LPJOHLFKHQ1HW]ZHUNPLWGHU
$GUHVVHEHILQGHQVRIHUQHLQHGLUHNWH9HUELQGXQJKHUJHVWHOOWZHUGHQVROO
EHLVSLHOKDIWZXUGHKLHUJHZlKOW$EELOGXQJ

'LH6PDUW+RPH$SSOLNDWLRQ  


$EELOGXQJ1HW]ZHUNNRQILJXUDWLRQDXI9HUPLWWOXQJVHEHQH

6.2.3.2 Das Transmission Control Protocol (TCP) 
%HL7&3KDQGHOWHVVLFKXPHLQYHUELQGXQJVRULHQWLHUWHV3URWRNROOZHOFKHV9HUELQGXQJHQ
]ZLVFKHQ&RPSXWHUQPLW+LOIHYRQ6RFNHWVKHUVWHOOW'DEHLILQGHWGLHhEHUWUDJXQJLQGUHL
3KDVHQ VWDWW GHP9HUELQGXQJVDXIEDX GHU'DWHQEHUWUDJXQJXQGGHP9HUELQGXQJVDE
EDX'LHhEHUWUDJXQJHUIROJWGDEHLVHJPHQWLHUWZREHLGLH5HLKHQIROJHGHUHLQ]HOQHQ'D
WHQSDNHWH HUKDOWHQ EOHLEW $EELOGXQJ  9HUORUHQ JHJDQJHQH RGHU IHKOHUKDIWH 3DNHWH
ZHUGHQ HUNDQQW XQG HUQHXW EHUWUDJHQ VRGDVV GLH hEHUWUDJXQJ DOV VLFKHU DQJHVHKHQ
ZHUGHQNDQQZREHLVLFKHUQLFKWPLWJHKHLPJOHLFK]XVHW]HQLVW
'HU 9HUELQGXQJVDXIEDX ILQGHW EHL 7&3 LQ )RUP GHV VRJHQDQQWHQ Ä7KUHH:D\
+DQGVKDNHV³VWDWW'DEHL6HQGHWGHU&OLHQWHLQH9HUELQGXQJVDQIUDJHDQGHQ6HUYHU LQ
GHPGDVÄ6<1³)ODJEHUWUDJHQZLUG'LHVHUDQWZRUWHWPLWÄ6<1$&.³KHUJHVWHOOW LVWVLH
DOOHUGLQJV HUVW ZHQQ GHU &OLHQW GLHV GHP 6HUYHU QRFK HLQPDO EHVWlWLJW LQ GHP Ä$&.³
EHUWUDJHQZLUG$EELOGXQJ
  'LH6PDUW+RPH$SSOLNDWLRQ


$EELOGXQJ7KUHH:D\+DQGVKDNHGHV7&3

:lKUHQGGHV+DQGVKDNHVZHUGHQDOOHIUGLH9HUELQGXQJQ|WLJHQ,QIRUPDWLRQHQZLH]XP
%HLVSLHOGLH]XYHUZHQGHQGHQ3RUWVDXVJHWDXVFKW'HV:HLWHUHQOHJHQEHLGH7HLOQHKPHU
HLQH6HTXHQ]QXPPHUIHVW0LW+LOIHGLHVHU6HTXHQ]QXPPHUN|QQHQGLHHLQ]HOQHQhEHU
WUDJXQJHQLGHQWLIL]LHUWZHUGHQ'DEHLZLUGGLH6HTXHQ]QXPPHUGHU3DNHWHZlKUHQGGHV
+DQGVKDNHVXPHLQVHUK|KWXPGLHhEHUWUDJXQJ]XEHVWlWLJHQ:lKOW5HFKQHU$DOVRGLH
6HTXHQ]QXPPHU ÄN³ VR EHVWlWLJW 5HFKQHU % GLHV GXUFK 6HQGHQ GHU4XLWWXQJVQXPPHU
ÄN³XQGEHUPLWWHOWVHLQHHLJHQH6HTXHQ]QXPPHUÄQ³5HFKQHU$TXLWWLHUWGLHVHQXQPLW
ÄQ³$EELOGXQJ
$QVFKOLHHQGN|QQHQ'DWHQ]ZLVFKHQGHQ7HLOQHKPHUQDXVJHWDXVFKWZHUGHQ'LHVJH
VFKLHKWSULQ]LSLHOOlKQOLFKZLHGLHhEHUWUDJXQJGHV+DQGVKDNHV'HU8QWHUVFKLHGLVWGDVV
3DNHWHMHW]WTXLWWLHUWZHUGHQLQGHPGLHHPSIDQJHQH6HTXHQ]QXPPHUXPGLH*U|HGHV
3DNHWHV LQ%\WHVHUK|KWZLUG:LUGGLH Ä0D[LPXP6HJPHQW/LIHWLPH³DOVRGLHPD[LPDOH
/HEHQVGDXHUHLQHV6HJPHQWVEHUVFKULWWHQEHYRUGHU6HQGHUHLQH4XLWWLHUXQJHUKDOWHQ
KDWVRZLUGGLHhEHUWUDJXQJZLHGHUKROWELVGLH4XLWWLHUXQJHUIROJWLVWRGHUGLHPD[LPDOH
GXUFKGHQ%HQXW]HUIHVWJHOHJWH$Q]DKODQ:LHGHUKROXQJHQHUUHLFKWLVW$EELOGXQJ



>@6HLWH
'LH6PDUW+RPH$SSOLNDWLRQ  


$EELOGXQJ7&3'DWHQEHUWUDJXQJ
'HU$EEDX GHU9HUELQGXQJ DXFK Ä7HDUGRZQ³ JHQDQQWZLUG EHL 7&3 HLQJHOHLWHW LQGHP
HLQHU GHU7HLOQHKPHU ]%5HFKQHU$ HLQ3DNHWPLW JHVHW]WHP Ä),1³)ODJ XQGGHU6H
TXHQ]QXPPHU ÄQ³ EHUPLWWHOW5HFKQHU% EHDQWZRUWHW GLHVPLW Ä),1$&.³ XQGGHU4XLW
WXQJVQXPPHU ÄQ³ $QVFKOLHHQG EHUWUlJW5HFKQHU% GLH )ODJV Ä),1$&.³ XQG VHLQH
6HTXHQ]QXPPHUÄQ³$QWZRUWHW5HFKQHU$PLWÄ$&.³XQGGHU4XLWWXQJVQXPPHUÄQ³LVW
GLH 9HUELQGXQJ DEJHEDXW XQG GHU 6RFNHW NDQQ QHX YHUJHEHQ ZHUGHQ $EELOGXQJ 
:LUGGLH9HUELQGXQJZlKUHQGGHV$EEDXVXQWHUEURFKHQVRYHUEOHLEWGLHVHLQHLQHPKDOE
RIIHQHQ=XVWDQG'LHVIKUWGD]XGDVVNHLQH'DWHQPHKUEHUWUDJHQZHUGHQN|QQHQGHU
6RFNHWDOOHUGLQJVDXFKQLFKWQHXYHUJHEHQZHUGHQNDQQGDHUZHLWHUKLQGXUFKGLH9HU
ELQGXQJ EORFNLHUW ZLUG ELV HU GXUFK HLQH =HLWEHUVFKUHLWXQJ YRP %HWULHEVV\VWHP RGHU
GHP$QZHQGHUIUHLJHJHEHQZLUG


$EELOGXQJ9HUELQGXQJVDEEDXGHV7&3


>@6HLWH
  'LH6PDUW+RPH$SSOLNDWLRQ


$EELOGXQJ]HLJWGHQNRPSOHWWHQ/HEHQV]\NOXVHLQHU7&39HUELQGXQJ


$EELOGXQJ$EODXIHLQHU7&3hEHUWUDJXQJ

3UR 3DNHW VWHKHQ  %\WH IU 1XW]GDWHQ ]XU 9HUIJXQJ ZHOFKH QDKH]X YROO DXVJH
VFK|SIWZHUGHQ8PHLQH6HJPHQWLHUXQJGHU3DNHWH ]XYHUPHLGHQZHOFKHV]X3UREOH
PHQ PLW GHP YHUZHQGHWHQ 7&36WDFN GHV /3& IKUHQ N|QQWH ZLUG GLHVH *U|H
GXUFKGDV3URWRNROOGHU$QZHQGXQJVVFKLFKWHLQJHKDOWHQ7KHRUHWLVFKELHWHW ,3GLH0|J
OLFKNHLW.L%]XEHUWUDJHQ(WKHUQHWJHVWDWWHWDOOHUGLQJVQXU%\WHSUR'DWHQSDNHW
DE]JOLFKGHU+HDGHU IU ,3XQG7&3YRQ MHZHLOV W\SLVFKHUZHLVH%\WHHUJHEHQ
VLFKDOVR%\WHSURhEHUWUDJXQJZDVIUGLHVH$QZHQGXQJDXFKY|OOLJDXVUHLFKHQG
LVW )LQGHW GLH .RPPXQLNDWLRQ EHU '6/ VWDWW IDOOHQ ZHLWHUH  %\WH IU GLH +HDGHU


>@6HLWH
>@6HLWH
>@
>@
'LH6PDUW+RPH$SSOLNDWLRQ  

GHV3RLQWWR3RLQW3URWRFROVDQVRGDVVVLFKGLH*U|HGHU1XW]GDWHQDXIYHUULQ
JHUQZUGH
 ,PSOHPHQWLHUXQJGHU$QZHQGXQJVVFKLFKW
$XIGHU$QZHQGXQJVVFKLFKWZHUGHQHLJHQH]XU)XQNWLRQGHU6RIWZDUHQ|WLJH3URWRNROOH
LPSOHPHQWLHUW,QGLHVHP)DOOZXUGHHLQHVYRQGHU3URIHVVXU.RPPXQLNDWLRQVWHFKQLNHQW
ZLFNHOWHV3URWRNROOYHUZHQGHW(VEHVWHKWDXVHLQHPHLQIDFKHQ+DQGVKDNHXPXQ]XOlVVL
JH 9HUELQGXQJHQ DXV]XVFKOLHHQ VRZLH GHU DQVFKOLHHQGHQ 'DWHQEHUWUDJXQJ
$EELOGXQJ'HV:HLWHUHQVWHKHQHLQH3&6RIWZDUHLQ&VRZLHHLQH)LUPZDUHLQ&
IUGLH(LQJDEH$XVJDEHXQG9HUDUEHLWXQJGHUEHUWUDJHQHQ'DWHQ]XU9HUIJXQJ

$EELOGXQJ$QZHQGXQJVSURWRNROO

'DHVVLFKKLHUQXUXPHLQHHUVWH(QWZLFNOXQJVVWXIHKDQGHOWZXUGHDXIGHQ(LQVDW]YRQ
9HUVFKOVVHOXQJVXQG$XWKHQWLIL]LHUXQJVPHFKDQLVPHQYHU]LFKWHWSULQ]LSLHOO LVWGLH0|J
OLFKNHLWDOOHUGLQJVYRUKDQGHQ8PHLQH6HJPHQWLHUXQJ]XYHUPHLGHQZXUGHHLQHPD[LPD
OH*U|HGHU'DWHQYRQ%\WHVIHVWJHOHJW


1DFK>@XQG>@EHVWHKHQGDXV%\WHV IUGDV)HOGÄ3URWRFRO³GHU333(LQNDSVHOXQJXQG%\WHVIU
GHQ333R(+HDGHU
  'LH6PDUW+RPH$SSOLNDWLRQ

'DV3URWRNROOVHW]WHLQH%HUHLWVEHVWHKHQGH9HUELQGXQJELV]XU7UDQVSRUWVFKLFKWYRUDXV
,VWGLHVH9RUKDQGHQVHQGHWGHU&OLHQWGHQHUVWHQ7HLOGHV+DQGVKDNHV7DEHOOH
     
%\WH   
«

,QKDOW Ä%³ Ä6³ Ä+³ Ä+³
7DEHOOH+DQGVKDNHGHV$QZHQGXQJVSURWRNROOV

'HU6HUYHUYHUJOHLFKWGLHHLQWUHIIHQGHQ'DWHQPLWGHP+DQGVKDNHXQGVHQGHWGLHVHQEHL
hEHUHLQVWLPPXQJDQGHQ&OLHQW]XUFN'DV LVWGDV6LJQDO IUGLH&OLHQWVRIWZDUHGLHHL
JHQWOLFKHQ1XW]GDWHQ]XEHUPLWWHOQ'HU6HUYHUYHUDUEHLWHWGLH'DWHQDNWXDOLVLHUWGLHVH
XQG VHQGHW VLH ]XUFN DQ GHQ&OLHQW 7DEHOOH ZHOFKHUZLHGHUXPGLH DNWXDOLVLHUWHQ
'DWHQGHV6HUYHUVYHUDUEHLWHW,P$QVFKOXVVZLUGGLH7&39HUELQGXQJDEJHEDXW
%\WH   ELV ELV 
,QKDOW Ä%³ Ä6³
[GLJ$XVJDQJ
Ä³
['$&
Ä³
[GLJ(LQJDQJ
Ä³
%\WH  ELV  
,QKDOW 
[$'&
Ä³
8KU]HLWDOV&KDUDFWHU
Ä+06³

7DEHOOH1XW]GDWHQGHV$QZHQGXQJVSURWRNROOV

$EELOGXQJ]HLJWHLQHQNRPSOHWWHQ=\NOXVHLQHUhEHUWUDJXQJ6RZRKOGHU9HUODXIGHV
7&33URWRNROOVDOVDXFKGHV$QZHQGXQJVSURWRNROOVVLQGHUVLFKWOLFKZREHLLQGHQ3DNH
WHQ  XQGGHU+DQGVKDNHXQG LQ GHQ3DNHWHQXQGGLH1XW]GDWHQEHUWUDJHQ
ZHUGHQ


$EELOGXQJ3URWRNROOHLQHU'DWHQEHUWUDJXQJ

'LH6PDUW+RPH$SSOLNDWLRQ  

 )LUPZDUH
%HL GHU)LUPZDUH KDQGHOW HV VLFK XPHLQ&3URJUDPPZHOFKHVPLW+LOIH GHU.(,/,'(
9LVLRQ  HUVWHOOW ZXUGH 'DEHL NRPPHQ HLQLJH SURSULHWlUH %LEOLRWKHNHQ YRQ .(,/ DOV
DXFK HLQLJH VHOEVW HUVWHOOH %LEOLRWKHNHQ ]XP (LQVDW]  'DV 3URJUDPP VHOEVW ZXUGH LQ
)RUP HLQHV =XVWDQGVDXWRPDWHQ UHDOLVLHUW ZHOFKHU DXV YLHU YHUVFKLHGHQHQ =XVWlQGHQ
EHVWHKW
 =XVWDQGVDXWRPDW
(LQIDFKH )LUPZDUH IU0LNURFRQWUROOHU ZLUG KlXILJ DOV =XVWDQGVDXWRPDW UHDOLVLHUW GD HV
HLQH HLQIDFKH0|JOLFKNHLW ]XU 6WUXNWXULHUXQJ YRQ 3URJUDPPHQ LVW $XI GLH 9HUZHQGXQJ
HLQHV%HWULHEVV\VWHPVZXUGHYHU]LFKWHWGDGLH&RQWUROOHUQXUZHQLJH$XIJDEHQDEDUEHL
WHQXQGGDV3ODQHQYRQ$XIJDEHQQLFKWQ|WLJLVW*HQHUHOOLVWHLQH,PSOHPHQWLHUXQJKlXILJ
DXFK]XWHXHURGHUDXIJUXQGGHUEHJUHQ]WHQ5HVVRXUFHQQLFKWP|JOLFKLVW
(LQZHLWHUHU9RUWHLOGHULQGLYLGXHOOHQ6RIWZDUHDUFKLWHNWXULVWGLH8QDEKlQJLJNHLWYRQDQGH
UHQ (QWZLFNOHUQ XQG )LUPHQ XQG GLH GDGXUFK JHJHEHQH /DQJ]HLWVWDELOLWlW GHU 6RIWZDUH
'DVKHLWGLH6RIWZDUHLVWXQDEKlQJLJYRQHYHQWXHOOHQ8SGDWHVGHV+HUVWHOOHUVXQGNDQQ
VRPLW QDFK GHU HLQPDOLJHQ ,PSOHPHQWLHUXQJ XQEHJUHQ]W RKQH bQGHUXQJHQ YHUZHQGHW
ZHUGHQ
'HUKLHUYHUZHQGHWH0RRUH$XWRPDWEHVLW]WYLHU=XVWlQGHZREHL=XVWDQG6QXUHLQPDOLJ
QDFKGHP6WDUWHQGHU$QZHQGXQJGXUFKODXIHQZLUG$EELOGXQJ


$EELOGXQJ$XWRPDWHQGLDJUDPPGHU)LUPZDUH

'LH=XVWlQGHVLQGLQGLHVHP)DOOZLHIROJWGHILQLHUW
  'LH6PDUW+RPH$SSOLNDWLRQ

x 6  ,QLWLDOLVLHUXQJDOOHU9DULDEOHQ)XQNWLRQHQXQGGHU3HULSKHULH6WDUWHQGHV7&3
6HUYHUV
x 6:DUWHQDXI9HUELQGXQJVDQIUDJH+HUVWHOOHQGHU9HUELQGXQJ
x 6hEHUSUIXQJXQG%HDQWZRUWXQJGHV+DQGVKDNHV
x 6(PSIDQJYRQ'DWHQYRP&OLHQW6HQGHQYRQ'DWHQDQ&OLHQW9HUELQGXQJVDEEDX
$XI'HWDLOV]XGHQHLQ]HOQHQ=XVWlQGHQZLUGLQGHQIROJHQGHQ$EVFKQLWWHQQlKHUHLQJH
JDQJHQ
 6FKHPDWLVFKHU$XIEDX
'LH)LUPZDUH OlVVW VLFK LQ HLQ]HOQH IXQNWLRQDOH%O|FNH XQWHUWHLOHQ $EELOGXQJ  ,P
%ORFN ,QLWLDOLVLHUXQJZHUGHQGLHQ|WLJHQ(LQVWHOOXQJHQ IUGLHYHUZHQGHWH3HULSKHULHZLH
$':DQGOHU  '$:DQGOHU  1HW]ZHUNVFKQLWWVWHOOH  'LVSOD\ XQG GLH 7LPHU YRUJHQRP
PHQ,P$QVFKOXVVZLUGGHU%ORFNÄ1HW]ZHUN³]\NOLVFKDXVJHIKUW'LHVHUVWHKWGDEHLIU
GLH GXUFK GLH1HW]ZHUNELEOLRWKHN YRQ$50.(,/ YRUJHJHEHQHQ )XQNWLRQHQ:LUG GXUFK
HLQHGHU)XQNWLRQHQHLQ(UHLJQLVDXVJHO|VWZLUGGHU%ORFNÄ7&36WDFN³ZHOFKHUGLH7&3
&DOOEDFN)XQNWLRQHQWKlOWDXIJHUXIHQXQGHQWVSUHFKHQGGHV(UHLJQLVVHVZHLWHUYHUIDK
UHQ
:XUGH HLQ +DQGVKDNH HPSIDQJHQ ZLUG GHU HQWVSUHFKHQGH %ORFN DXVJHIKUW XQG GLH
6FKOHLIH ZLUG ZHLWHU DXVJHIKUW:XUGH GHU (PSIDQJ GHV JHVHQGHWHQ+DQGVKDNHV XQG
GHU(PSIDQJYRQ1XW]GDWHQEHVWlWLJWUXIWGHU%ORFNÄ7&36WDFN³GHQ%ORFNÄ1XW]GDWHQ³
DXIZHOFKHUGLHHPSIDQJHQHQ'DWHQYHUDUEHLWHWXQGGLH1XW]GDWHQDNWXDOLVLHUWDQVFKOLH
HQGVRUJWÄ1XW]GDWHQ³IUGDVYHUVHQGHQGHU$NWXDOLVLHUWHQ'DWHQ:lKUHQGGHUJHVDP
WHQ9HUDUEHLWXQJN|QQHQ ,QWHUUXSWVDXVJHO|VWZHUGHQZHOFKH LPHQWVSUHFKHQGHQ%ORFN
]XVDPPHQJHIDVVW ZHUGHQ ,Q GLHVHP )DOO EHLQKDOWHW GLHVHU GHQ $EVFKOXVV HLQHU $'
:DQGOXQJ



&DOOEDFN)XQNWLRQDXFK5FNUXIIXQNWLRQ±ZLUG)XQNWLRQHQDOV3DUDPHWHUEHUJHEHQXQGNDQQXQWHUEH
VWLPPWHQ%HGLQJXQJHQDXIJHUXIHQZHUGHQ
'LH6PDUW+RPH$SSOLNDWLRQ  


$EELOGXQJ6FKHPDWLVFKHU$XIEDXGHU)LUPZDUH

 /&'LVSOD\
$QJHVFKORVVHQDQGDV0RGXO&KLSLVWHLQ[/&'LVSOD\XPGLHYRP6HUYHUEH
UHLWJHVWHOOWHQ ,QIRUPDWLRQHQ JUDILVFK GDUVWHOOHQ ]X N|QQHQ 'DEHL ZLUG GDV 0RGXO
Ä*'0'³GHV+HUVWHOOHUVÄ;LDPHQ2FXODU³YHUZHQGHW$XIGLHVHP0RGXOEHILQGHWVLFK
GLHQ|WLJH%HVFKDOWXQJIUGHQ%HWULHEGHV/&'LVSOD\VVRZLHHLQ]XPZHLWYHUEUHLWHWHQ
&RQWUROOHU+'NRPSDWLEOHU&RQWUROOHUGHU678$]XU$QVWHXHUXQJGHV'LV
SOD\V )U GHQ%HWULHEZHUGHQ MH QDFK.RQILJXUDWLRQ  RGHU 3LQV EHQ|WLJW 7DEHOOH


  'LH6PDUW+RPH$SSOLNDWLRQ

3LQ 6\PERO %HVFKUHLEXQJ 3RUWSLQDP&
 966 6SDQQXQJVYHUVRUJXQJ*1' *1'
 9'' 6SDQQXQJVYHUVRUJXQJ9 9
 9 .RQWUDVWHLQVWHOOXQJ 
 56 ÄUHJLVWHUVHOHFW³±6LJQDO 3
 5: ÄUHDGZULWHVHOHFW³6LJQDO 3
 ( ÄRSHUDWLRQHQDEOH³±6LJQDO 3
 '%'%
'DWHQOHLWXQJXQJHQXW]W
EHL%LW0RGXV
*1'
 '%'% 'DWHQOHLWXQJ 33
 /(' 'LVSOD\EHOHXFKWXQJ9 9
 /(' 'LVSOD\EHOHXFKWXQJ*1' *1'
7DEHOOH3LQEHOHJXQJGHV/&'0RGXOV*'0'


$EELOGXQJ=HLFKQWDEHOOHGHV678$


9JO>@6HLWH
'LH6PDUW+RPH$SSOLNDWLRQ  


'DV'LVSOD\LVWLQHLQHU0DWUL[RUJDQLVLHUWZHOFKHEHUGHQ&RQWUROOHUDQJHVWHXHUWZHUGHQ
NDQQ'D]XEHVLW]WGHU678$HOIGLJLWDOH(LQJlQJHGDYRQDFKW IU$Q]HLJHGDWHQ
ZHOFKHHQWVSUHFKHQGGHUhEHUVLFKWLQ$EELOGXQJJHVFKDOWHWZHUGHQPVVHQXPGLH
]XJHK|ULJHQ=HLFKHQGDU]XVWHOOHQ'HV:HLWHUHQJLEWHVHLQH5HLKHYRQ%HIHKOHQZHOFKH
GDPLW XPJHVHW]W ZHUGHQ N|QQHQ 'LHVH GLHQHQ ]XP HLQHQ ]XU ,QLWLDOLVLHUXQJ VRZLH GHU
.RQILJXUDWLRQ]XPDQGHUHQGHU6WHXHUXQJGHV&RQWUROOHUV$EELOGXQJLP%HWULHE


$EELOGXQJ%HIHKOVEHUVLFKWGHV678$

'HU DXI GHU0DWUL[ GHV 'LVSOD\V GDU]XVWHOOHQGH ,QKDOW ZLUG LP ''5$0 GHV &RQWUROOHUV
JHVSHLFKHUWZREHLMHGHV%\WHLP6SHLFKHUHLQHU3RVLWLRQLQGHU0DWUL[XQGVRPLWDXIGHP
'LVSOD\HQWVSULFKW$EELOGXQJ'LH$GUHVVHÄ³VWHKWGDEHLIUGLHHUVWH6WHOOHLQGHU
HUVWHQ=HLOH$GUHVVHÄ³IUGLHHUVWH6WHOOHLQGHU]ZHLWHQ=HLOHXVZ7URW]GHUKLHUGDU
JHVWHOOWHQYLHU=HLOHQZLUGGDV'LVSOD\YRP&RQWUROOHUDOV]ZHL]HLOLJEHWUDFKWHW


9JO>@6HLWH
  'LH6PDUW+RPH$SSOLNDWLRQ


$EELOGXQJ6SHLFKHUGHV678$

6.3.3.1 Initialisierung des LC-Displays 
'LH ,QLWLDOLVLHUXQJGHV'LVSOD\VHUIROJWPLW+LOIHGHU LQ$EELOGXQJGDUJHVWHOOWHQ%H
IHKOH8PGLH$Q]DKOGHUEHQ|WLJWHQ3LQV]XUHGX]LHUHQNDQQGDV'LVSOD\LP%LW0RGXV
DQJHVWHXHUWZHUGHQ'D]XZHUGHQGLH%HIHKOH LQ%LW ODQJH$EVFKQLWWHJHWHLOWXQGHLQ
]HOQEHUWUDJHQZREHL]XHUVWGLHREHUHQXQGDQVFKOLHHQGGLHXQWHUHQ%LWEHUWUDJHQ
ZHUGHQ 8P GDV 6HQGHQ YRQ %HIHKOHQ ]X YHUHLQIDFKHQ ZXUGH GLH )XQNWLRQ
ÄOFGBFRPPDQGLQWFPG³HUVWHOOW4XHOOFRGH

01 void lcd_command(int cmd) 
02 {
03     LPC_GPIO0->FIOSET |= (1<<0);
04     LPC_GPIO0->FIOCLR |= (1<<18);
05     LPC_GPIO0->FIOCLR |= (1<<1);
06     LPC_GPIO0->FIOCLR |= (15<<6);
07     LPC_GPIO0->FIOSET |= (((cmd>>4)&0x0F)<<6);
08     LPC_GPIO0->FIOCLR |= (1<<0);
09 delay_ms(50);
10 if ( cmd != 0x20 && cmd != 0x30)
11     { 
12         LPC_GPIO0->FIOSET |= (1<<0);
13         LPC_GPIO0->FIOCLR |= (15<<6);
14         LPC_GPIO0->FIOSET |= (((cmd)&0x0F)<<6);
15         LPC_GPIO0->FIOCLR |= (1<<0);
16     } 
17 delay_ms(50);
18 }
4XHOOFRGH)XQNWLRQOFGBFRPPDQGIU%LEOLRWKHNGHV'LVSOD\V



9JO>@6HLWH
'LH6PDUW+RPH$SSOLNDWLRQ  

'DV6HQGHQYRQ%HIHKOHQIROJWHLQHPIHVWJHOHJWHQ6FKHPD
 6HW]HQGHV(QDEOH%LWVDXI+,*+  4XHOOFRGH=HLOH
 6HW]HQGHV56%LWVDXI/2:  4XHOOFRGH=HLOH
 6HW]HQGHV5:%LWVDXI/2:  4XHOOFRGH=HLOH
 6HW]HQGHU'DWHQELWV   4XHOOFRGH=HLOHI
 6HW]WHQGHV(QDEOH%LWVDXI/2:  4XHOOFRGH=HLOH
 3XQNWHDQDORJIU]ZHLWHV+DOEE\WH 4XHOOFRGH=HLOHII 
'DEHLEHVWLPPWGDV56%LWREGLH'DWHQDOV%HIHKORGHUDOV=HLFKHQLQWHUSUHWLHUWZHUGHQ
VROOHQ GDV5:%LW OHJW IHVW RE JHVFKULHEHQ RGHU JHOHVHQ ZLUG XQG GLH 'DWHQELWV VLQG
HQWVSUHFKHQGGHU9RUJDEHQ]XVHW]HQ$EELOGXQJXQG$EELOGXQJ'LHIDOOHQGH
)ODQNHDP(LQJDQJGHV(QDEOH%LWVO|VWGLH9HUDUEHLWXQJGXUFKGHQ&RQWUROOHUDXV
,P$QVFKOXVVZLUGHLQLJH0LOOLVHNXQGHQJHZDUWHWXPVLFKHU]XJHKHQGDVVGLH2SHUDWLR
QHQGHV&RQWUROOHUVDXVJHIKUWZXUGHQ
8P=HLFKHQDXIGHP'LVSOD\DXVJHEHQ]XN|QQHQPVVHQHLQLJH(LQVWHOOXQJHQYRUJH
QRPPHQZHUGHQ'D]XZXUGHGLH)XQNWLRQÄOFGBLQLW³HUVWHOOW$EELOGXQJ'LHVHPXVV
HLQPDOLJEHLP6WDUWHQGHU$QZHQGXQJDXVJHIKUWZHUGHQXQGNRQILJXULHUWGHQ&RQWUROOHU
IUGLHDQVFKOLHHQGHQ$XIJDEHQ

01 void init_lcd(void)
02 {
03     LPC_GPIO0->FIODIR |= (1<<0) | (1<<1) | (15<<6) | (1<<18);
04 delay_ms(200);
05 lcd_command(0x30);
06 lcd_command(0x30);
07 lcd_command(0x30);
08 lcd_command(0x20);
09 lcd_command(0x2C);
10 lcd_command(0x14);
11 lcd_command(0x06);
12 lcd_command(0x0C);
13 lcd_command(0x01);
14 }
4XHOOFRGH)XQNWLRQOFGBLQLWIU%LEOLRWKHNGHV'LVSOD\V

$OVHUVWHVZHUGHQGLHYHUZHQGHWHQ3RUWVDOV$XVJlQJHGHILQLHUW4XHOOFRGH=HLOH
$QVFKOLHHQGZLUGGHU&RQWUROOHUGXUFKGUHLPDOLJHV6HQGHQGHV%HIHKOVÄ[³]XUFNJH
VHW]W 4XHOOFRGH  =HLOH  'HU %HIHKO Ä[³ YHUVHW]W GDV 'LVSOD\ LQ GHQ %LW
0RGXVÄ[&³HQWVSULFKWGHQ2SWLRQHQIUHLQ=HLOLJHV'LVSOD\VRZLHGLH=HLFKHQJU|H
[%LOGSXQNWH4XHOOFRGH=HLOHI
  'LH6PDUW+RPH$SSOLNDWLRQ

(QWVSUHFKHQG$EELOGXQJ%HIHKOVEHUVLFKWGHV678$VHW]WVLFKGHU%HIHKO
ZLHIROJW]XVDPPHQ

%HIHKO 56 5: %LW %LW %LW %LW %LW %LW %LW %LW
)XQFWLRQ
VHW
     '/ 1 )  
7DEHOOH%HLVSLHOKDIWH(UNOlUXQJGHU%HIHKOVVWUXNWXUGHV678$

'LH3ODW]KDOWHU'/1XQG)VLQGGLHIROJWGHILQLHUW
x '/± %LW0RGXV %LW0RGXV
x 1± ]ZHL]HLOLJHV'LVSOD\ HLQ]HLOLJHV'LVSOD\
x )± [=HLFKHQIRUPDW [=HLFKHQIRUPDW
'HU&RQWUROOHUVROOLP%LW0RGXVDQJHVWHXHUWZHUGHQXPVRZHQLJZLHQ|WLJ3RUWSLQV]X
YHUZHQGHQ'/ KDW DOVR GHQ:HUW Ä³'D GDV'LVSOD\ YLHU =HLOHQ EHVLW]W GHU6SHLFKHU
MHGRFKZLHHLQ]ZHL]HLOLJHV'LVSOD\DXIJHEDXWLVWZLUGIU1Ä³JHZlKOW'LH=HLFKHQJU|
HGHV'LVSOD\VLVW[)EHNRPPWVRPLWHEHQIDOOVGHQ:HUWÄ³'LHXQWHUVWHQ]ZHL%LWV
ZHUGHQLJQRULHUWLKQHQPXVVDOVRNHLQ:HUW]XJHZLHVHQZHUGHQ'DGLH3RUWVYRUMHGHP
%HIHKODXIÄ³JHVHW]WZHUGHQEHKDOWHQGLHVH LKUHQ=XVWDQG6HW]WPDQGHQ%HIHKOHQW
VSUHFKHQGGHV6FKHPDV]XVDPPHQHUKlOWPDQIUGHQ=XVWDQGGHU'DWHQELWVGDV%\WH
Ä³+H[DGH]LPDOÄ[&³$OOHDQGHUHQ%HIHKOHVLQGDQDORJRUJDQLVLHUW
'DV9HUKDOWHQGHV&XUVRUVZLUGPLWGHU)XQNWLRQÄ[³EHVWLPPWLQGLHVHP)DOORULHQWLHUW
HUVLFKDPOLQNHQ%LOGUDQGXQGZLUGEHLP6FKUHLEHQDXWRPDWLVFKHLQH6WHOOHQDFKUHFKWV
YHUVFKREHQ'LH%HIHKOHÄ[³VRZLHÄ[&³VRUJHQGDIUGDVVGDV'LVSOD\HLQJHVFKDO
WHW XQG GHU &XUVRU QLFKW VLFKWEDU LVW $EVFKOLHHQGZLUG GDV 'LVSOD\PLW Ä[³ JHOHHUW
4XHOOFRGH=HLOH
6.3.3.2 Verwendung der Bibliothek 
1HEHQGHQLQEHUHLWVHUZlKQWHQ)XQNWLRQHQVWHOOWGLH%LEOLRWKHNHLQLJHZHLWHUH]XU
9HUIJXQJ'LHVH)XQNWLRQHQVROOHQKLHUDEHUQXUKLQVLFKWOLFKLKUHV1DPHQVLKUHU$XIJD
EHQVRZLH6\QWD[HUZlKQWZHUGHQ'HUNRPSOHWWH4XHOOFRGHLVWLQGHU$QODJH7HLO]X
ILQGHQ

'LH6PDUW+RPH$SSOLNDWLRQ  

)XQNWLRQ %HVFKUHLEXQJ
OFGBFXUVRULQW[LQW\ 3RVLWLRQLHUWGHQ&XUVRUEHL.RRUGLQDWH[\
OFGBSXWFKDUXQVLJQHGFKDUF VFKUHLEWHLQHQHLQ]HOQHQ%XFKVWDEHQÄF³
OFGBSXWVWULQJXQVLJQHGFKDUV VFKUHLEWHLQHQ6WULQJÄV´
OFGBZULWHBQXPEHULQWGDWD VFKUHLEWGLH=LIIHUÄGDWD³
OFGBFKHFNBVLWHFKDUVLWHFKDUVWHXHUVWULQJ VFKUHLEW,QKDOWYRQ6HLWHÄVLWH´
7DEHOOH:HLWHUH)XQNWLRQHQGHU%LEOLRWKHNIUGHQ678$

'LH3DUDPHWHUÄ[³XQGÄ\³GHU)XQNWLRQÄOFGBFXUVRU³N|QQHQHQWVSUHFKHQGGHU'LVSOD\
JU|H:HUWH]ZLVFKHQXQGE]ZXQGDQQHKPHQ
'LH)XQNWLRQOFGBFKHFNBVLWHHUP|JOLFKWHV,QIRUPDWLRQHQDXIYHUVFKLHGHQHQ6HLWHQGDU
]XVWHOOHQXQG]ZLVFKHQ LKQHQ]XZHFKVHOQ'D]XZHUGHQ]ZHL7DVWHUDEJHIUDJWZHOFKH
GLH6HLWHQ]DKOZHOFKHGHU)XQNWLRQEHUGHQ=HLJHUÄVLWH³PLWWJHWHLOWZLUGHUK|KHQRGHU
YHUULQJHUQ:HOFKH,QKDOWHGDUJHVWHOOWZHUGHQZLUGLQGHU)XQNWLRQVHOEVWLQGHU%LEOLRWKHN
IHVWJHOHJW,QGHUPRPHQWDQHQ9HUVLRQZHUGHQGLH8KU]HLWVRZLHGLHDQDORJHQXQGGLJLWD
OHQ(LQXQG$XVJlQJHGDUJHVWHOOW
 +DXSWSURJUDPP
=X %HJLQQ GHV 3URJUDPPV ZHUGHQ HLQLJH'HILQLWLRQHQ XQG ,QLWLDOLVLHUXQJHQ YRUJHQRP
PHQ LP$QVFKOXVVJHKW GDV3URJUDPP LQHLQHXQHQGOLFKH:KLOH6FKOHLIH EHUZHOFKH
]\NOLVFK:HUWHPLVVWXQGDXVJLEWXQGDXI'DWHQDQGHU(WKHUQHWVFKQLWWVWHOOHZDUWHW
,P)ROJHQGHQVROOHQHLQLJHSUlJQDQWH$XVVFKQLWWHGHU6RIWZDUHHUOlXWHUWZHUGHQ
=X%HJLQQZLUG LP+DXSWSURJUDPPGLHQ|WLJH3HULSKHULHZLH/&'LVSOD\6\V7LFN7LPHU
/('V GHU 1HW]ZHUNVWDFN $'& '$& VRZLH HLQLJH 6\VWHPYDULDEOHQ LQLWLDOLVLHUW $XV
*UQGHQ GHUhEHUVLFKWOLFKNHLWZXUGHQ GLH Q|WLJHQ%HIHKOH LQ HLJHQH)XQNWLRQHQ DXVJH
JOLHGHUWZHOFKH LPNRPSOHWWHQ4XHOOWH[W LP$QKDQJ7HLO]X ILQGHQVLQG'D]XNQIWLJ
GHU 6WDWXV GHU ,QLWLDOLVLHUXQJ DXI GHP /&'LVSOD\ GDUJHVWHOOW ZHUGHQ VROO XQG GLHVHU ]X
VFKQHOO IUGHQ%HWUDFKWHU YHUVFKZLQGHQZUGHZXUGHQPLW+LOIH YRQ6RIWZDUHVFKOHLIHQ
NXU]H3DXVHQYRQPVHLQJHIJWXPGHP%HWUDFKWHUGDV6WDUWHQGHU$QZHQGXQJYLVX
HOODQ]HLJHQ]XN|QQHQ

  'LH6PDUW+RPH$SSOLNDWLRQ

01 init_lcd();
02 delay_ms(200);
03 init_systicktimer();
04 init_network();
05 init_rtc();
06 delay_ms(200);
07 delay_ms(200);
08 init_led();
08 delay_ms(200);
10 init_TcpNet();
11 delay_ms(200);
12 init_string(string);
13 delay_ms(200);
14 init_handshake(handshake);
15 delay_ms(200);
16 init_adc();
17 init_dac();
18 delay_ms(200);
4XHOOFRGH,QLWLDOLVLHUXQJGHU)LUPZDUH

$OVQlFKVWHVZLUGHLQ7&36RFNHWLQLWLDOLVLHUW'HU6RFNHWNDQQVRZRKODOV&OLHQWDOVDXFK
DOV6HUYHUIXQJLHUHQZHOFKHVGXUFKGHQ3DUDPHWHUÄ7&3B7<3(B&/,(17B6(59(5³GH
ILQLHUWZLUG'HV:HLWHUHQZLUGHLQH&DOOEDFN)XQNWLRQDQJHJHEHQZHOFKHDXIJHUXIHQZLUG
VREDOGHLQHVGHULQGHU/LEUDU\GHILQLHUWHQ(UHLJQLVVHDXVJHO|VWZLUG$QVFKOLHHQGZLUG
DXIGLH([LVWHQ]GHV6RFNHWVJHSUIWXQGGHU6HUYHUDXIGHPDQJHJHEHQ3RUWPLW+LOIH
GHU/LVWHQ)XQNWLRQJHVWDUWHW

01  socket_tcp = tcp_get_socket (TCP_TYPE_CLIENT_SERVER, 0,
1, tcp_callback); 
02 if (socket_tcp != 0) { 
03 tcp_listen (socket_tcp, PORT); 
04  } 
4XHOOFRGH6RFNHW(UVWHOOXQJXQG6WDUWHQGHV6HUYHUV

,PQlFKVWHQ3URJUDPPDEVFKQLWW ZLUGHLQHDOO]HLWZDKUH:KLOH6FKOHLIHDEJHDUEHLWHW LQ
GHUGHU7&36WDFNHQWVSUHFKHQGGHU'RNXPHQWDWLRQGHU/LEUDU\JHSROOWDOVRUHJHOPlLJ
DEJHIUDJW XQG EHL HQWVSUHFKHQG JHVHW]WHQ =XVWDQGVYDULDEOHQ LQ DQGHUH =XVWlQGH GHV
KLHU YHUZHQGHWHQ$XWRPDWHQJHZHFKVHOWZLUG'HU$XWRPDWEHVWHKW LQGLHVHP)DOO DXV


9JO.DSLWHO
'LH6PDUW+RPH$SSOLNDWLRQ  

YLHU =XVWlQGHQ 'HU HUVWH =XVWDQG LVW GLH ,QLWLDOLVLHUXQJ DOV QlFKVWHV IROJW GLH :KLOH
6FKOHLIH =XVWDQG GUHL XQG YLHU GLHQHQ MHZHLOV GHU .RPPXQLNDWLRQ PLWWHOVW 7&3,3 XQG
HQWVSUHFKHQJOHLFK]HLWLJGLH]ZHL6WXIHQGHV3URWRNROOVDXI$QZHQGXQJVHEHQHQlPOLFK
GHP+DQGVKDNHLQ=XVWDQGGUHLXQGGHUHLJHQWOLFKHQ'DWHQEHUWUDJXQJLQ=XVWDQGYLHU

01 while (1) { 
02 timer_poll (); 
03 main_TcpNet (); 
04 if ( connected ) { 
05    send_data(handshake,socket_tcp);
06    ready_to_receive = __TRUE; 
07    connected = __FALSE; 
08   } 
09 if ( ready_to_send ) { 
10    steuerstring_setzen(string);
11    send_data(string,socket_tcp);
12    ready_to_send = __FALSE; 
13   } 
14 lcd_check_site(&lcd_site,(char*)string);
15  } 
4XHOOFRGH+DXSWVFKOHLIHGHU)LUPZDUH

'LH9DULDEOHÄFRQQFWHG³VWHKWGDIUIUHLQHYROOVWlQGLJKHUJHVWHOOWH9HUELQGXQJ,VW GLHV
GHU)DOOZLUGGHU+DQGVKDNHJHVHQGHW XQGGHU$XWRPDWZHFKVHOW LQ GHQQlFKVWHQ=X
VWDQGLQGHPGLH'DWHQDQGHQ&OLHQWEHUWUDJHQZHUGHQQDFKGHPVLHDNWXDOLVLHUWZXU
GHQ'LH9HUELQGXQJZLUGGXUFKGHQ&OLHQWEHHQGHWXQGGHU6HUYHUZLHGHULQGHQ=XVWDQG
]ZHLEHUIKUW
,P =XVWDQG 6 ZHUGHQ GLH )XQNWLRQHQ ÄWLPHUBSROO³ XQG ÄPDLQB7FS1HW³ DXVJHIKUW 'LH
)XQNWLRQÄWLPHUBSROO³IKUWLQUHJHOPlLJHQ$EVWlQGHQLQGLHVHP)DOOPVGLHSURSULH
WlUH)XQNWLRQÄWLPHUBWLFN³DXVZHOFKHGXUFKGLH(WKHUQHW%LEOLRWKHNYRQ.(,/YRUJHJHEHQ
ZLUG'HV:HLWHUHQZLUGGLH.RQYHUWLHUXQJGHV$'&]\NOLVFKDOOHPVJHVWDUWHW

  'LH6PDUW+RPH$SSOLNDWLRQ

01 void timer_poll(void)
02 {
03 /* System tick timer running in poll mode */
04 if (SysTick->CTRL & 0x10000)
05     { 
06
07 timer_tick (); 
08         AD_done++; 
09 if ( AD_done == 5 ) 
10         { 
11             AD_done = 0;
12             LPC_ADC->ADCR |= (1<<16);
13             LPC_ADC->ADINTEN     |=  ( 1 << 0);
14             LPC_ADC->ADINTEN     &=  ~(1 << 8);
15         } 
16     } 
17 }
4XHOOFRGH)XQNWLRQWLPHUBSROO

'LH HEHQIDOOV GXUFK GLH %LEOLRWKHN YRUJHJHEHQH )XQNWLRQ ÄPDLQB7FS1HW³ PXVV HEHQVR
]\NOLVFKDXIJHUXIHQZHUGHQXPGLH(WKHUQHWVFKQLWWVWHOOHDXIGLHYRUGHILQLHUWHQ(UHLJQLVVH
]XSUIHQ7ULIIWHLQHVGLHVHU(UHLJQLVVHHLQVRZLUGGLHEHLGHU,QLWLDOLVLHUXQJIHVWJHOHJWH
&DOOEDFN)XQNWLRQÄWFSBFDOOEDFN³DXIJHUXIHQ

01 U16 tcp_callback (U8 soc, U8 evt, U8 *ptr, U16 par) 
02 {
03     par = par; 
04
05 if (soc != socket_tcp) 
06     { 
07 return (0);
08     } 
09 switch (evt) 
10     { 
11 case TCP_EVT_DATA: 
12 data_received(ptr);
13 break;
14
15 case TCP_EVT_CONREQ: 
16 return (1);
17
18 case TCP_EVT_CONNECT: 
19 return (1);
20     } 
21 return (0);
22 }
4XHOOFRGH7&3&DOOEDFN

'LH6PDUW+RPH$SSOLNDWLRQ  

'HU.(,/6WDFNEHUJLEWGLHVHU)XQNWLRQGHQYHUZHQGHWHQ6RFNHWGDVDXVJHO|VWH(YHQW
HLQHQ3RLQWHUDXIGLHEHUWUDJHQHQ'DWHQXQGGHQ3RUWGHV&OLHQWVZHQQHVVLFKXPHLQH
9HUELQGXQJVDQIUDJHKDQGHOWDQVRQVWHQGLH*U|HGHUHPSIDQJHQHQ'DWHQ=XHUVWZLUG
GHU6RFNHWEHUSUIWXPVLFKHU]XVWHOOHQGDVVGLH9HUELQGXQJDXFKDXIGHPIHVWJHOHJWHQ
6RFNHWDXIJHUXIHQZLUG 4XHOOFRGH=HLOH II ,P$QVFKOXVVZLUGEHUSUIWZHOFKHV
(UHLJQLV DXIJHUXIHQZXUGH%HL Ä7&3B(&97B&215(4³ DOVR HLQHU9HUELQGXQJVDQIUDJH
ZLUGGLH)XQNWLRQEHHQGHWXQGÄ³]XUFNJHJHEHQ'LHV6LJQDOLVLHUWGDVVGLH9HUELQGXQJ
DQJHQRPPHQZHUGHQVROO4XHOOFRGH=HLOHII%HLÄ7&3B(97B&211(&7³ZXUGH
GLH9HUELQGXQJHUIROJUHLFKKHUJHVWHOOWHVZLUGHUQHXWÄ³]XUFNJHJHEHQXQGDXIHLQWUHI
IHQGH'DWHQJHZDUWHW 4XHOOFRGH=HLOH II:HUGHQ'DWHQHPSIDQJHQZDVGHP
(UHLJQLV Ä7&3B(97B'$7$³ HQWVSULFKW ZLUG GLH )XQNWLRQ ÄGDWDBUHFHLYHG³ DXIJHUXIHQ
4XHOOFRGH=HLOHII
:XUGHGLH9HUELQGXQJHUIROJUHLFK+HUJHVWHOOWXQGDQVFKOLHHQG'DWHQHPSIDQJHQZHU
GHQ GLHVH PLW GHP +DQGVKDNH YHUJOLFKHQ %HL hEHUHLQVWLPPXQJ VHW]W GLH )XQNWLRQ
ÄVHQGBKDQGVKDNH³GLH9DULDEOHÄFRQQHFWHG³GHV+DXSWSURJUDPPVDXIÄBB758(³XQGGHU
$XWRPDWJHKWLQGHQ=XVWDQG6EHU4XHOOFRGH=HLOHII

01 void data_received (U8 *buffer) 
02 {
03 if ( !memcmp(buffer,handshake,1440) ) 
04     { 
05 send_handshake();
06 return;
07     } 
08 if ( ready_to_receive ) 
09     { 
10 memcpy(string,buffer,1440);
11 steuerstring_auswerten(string);
12 send_steuerstring();
13         ready_to_receive =__FALSE; 
14     } 
15 return;
16 }
4XHOOFRGH$XVZHUWXQJGHU(PSIDQJHQHQ'DWHQ

'HU=XVWDQG6LVWGXUFKGLHhEHUWUDJXQJGHV+DQGVKDNHVDQGHQ&OLHQWJHNHQQ]HLFKQHW
:XUGHGLHVHUJHVHQGHWZHFKVHOWGDV3URJUDPPLQGHQ=XVWDQG6,P=XVWDQG6ZDUWHW
GHU&RQWUROOHUHUQHXWDXI'DWHQDP(WKHUQHWSRUWXQGHUZLGHUWGHQ(PSIDQJPLWGHP6HQ
GHQGHUHLJHQHQ'DWHQ'DEHLZLUGGLH(PSIDQJHQH=HLFKHQNHWWHDXVJHZHUWHW4XHOOFRGH
 =HLOH  II GLH =XVWlQGH GHV 6\VWHPV DNWXDOLVLHUW XQG ]XUFNJHVHQGHW 4XHOOFRGH
4XHOOFRGH$QVFKOLHHQGHUZDUWHWGHU6HUYHUGDVVGHU&OLHQWGLH9HUELQGXQJDE
EDXW

  'LH6PDUW+RPH$SSOLNDWLRQ

01 if ( ready_to_send ) 
02 {
03 steuerstring_setzen(string);
04 send_data(string,socket_tcp);
05     ready_to_send = __FALSE; 
06 }
4XHOOFRGH6HQGHQGHU1XW]GDWHQ

'DEHL LVW GLH )XQNWLRQ ÄVWHXHUVWULQJBVHW]HQ³ GLHMHQLJH GLH GLH =HLFKHQNHWWH DNWXDOLVLHUW
0LW ÄVHQGBGDWD³ZLUG GLHVH DQGHQ&OLHQW EHUWUDJHQ'HU&RQWUROOHUZHFKVHOWZLHGHU LQ
GHQ=XVWDQG6XQGZDUWHWDXIHLQJHKHQGH9HUELQGXQJVDQIUDJHQ
 6WHXHUVRIWZDUH
%HLGHU6WHXHUVRIWZDUHKDQGHOWHVVLFKXPHLQHLQ&JHVFKULHEHQH:LQGRZV$QZHQGXQJ
PLWJUDILVFKHU2EHUIOlFKH)UGLH(QWZLFNOXQJZXUGHGLH8PJHEXQJÄ9LVXDO6WXGLR³
GHU)LUPD0LFURVRIWYHUZHQGHW
'LH6RIWZDUHGLHQW GHU9LVXDOLVLHUXQJGHV6\VWHP]XVWDQGHVGHV6HUYHUVDXI HLQHP3&
XQGGHVVHQ6WHXHUXQJ
 $QIRUGHUXQJHQ
9RU%HJLQQGHU(QWZLFNOXQJZXUGHQHLQLJH$QIRUGHUXQJHQIHVWJHOHJWZHOFKHHVP|JOLFKVW
HLQ]XKDOWHQXQGXP]XVHW]HQJDOW
x (UVWHOOXQJLQ&
x JUDILVFKH%HQXW]HUREHUIOlFKH
x 'DWHQEDQNDQELQGXQJ]XU3URWRNROOLHUXQJGHUhEHUWUDJXQJHQ
x 9LVXDOLVLHUXQJGHUEHUWUDJHQHQ'DWHQVRZRKOJUDILVFKDOVDXFKLQ7H[WIRUP
x 9HUZHQGXQJGHVYRUJHJHEHQHQ$QZHQGXQJVSURWRNROOV
x 9HUZHQGXQJYRQ(WKHUQHW7&3XQG,3Y


9JO.DSLWHO
'LH6PDUW+RPH$SSOLNDWLRQ  

 *UDILVFKH%HQXW]HUREHUIOlFKH
'LHJUDILVFKH%HQXW]HUREHUIOlFKHRGHUDXFK*UDSKLFDO8VHU,QWHUIDFHNXU]*8,EHVWHKW
LP:HVHQWOLFKHQDXVHLQHP+DXSWIHQVWHUHLQHP'HEXJ)HQVWHUHLQHP'DWHQORJJHUXQG
HLQHP(LQVWHOOXQJVIHQVWHU'HV:HLWHUHQJLEWHVHLQHQ0HQSXQNWÄ+LOIH³XQWHUGHPHLQH
+LOIHGDWHLVRZLHHLQ7HVWPRGXV]XILQGHQVLQG
6.4.2.1 Hauptfenster 
'DV+DXSWIHQVWHUEHLQKDOWHWGDV+DXSWSURJUDPPXQGZLUGQDFKGHP6WDUWHQGHU$QZHQ
GXQJDXWRPDWLVFKJH|IIQHW+LHUNDQQHLQH'DWHQEHUWUDJXQJJHVWDUWHWXQGGLHHQWVSUH
FKHQGHQbQGHUXQJHQDP6HUYHUYRUJHQRPPHQZHUGHQ$XHUGHPZHUGHQDOOHEHUWUD
JHQHQ,QIRUPDWLRQHQYLVXDOLVLHUW


$EELOGXQJ+DXSWIHQVWHUGHU6WHXHUVRIWZDUH
,QGHU0HQOHLVWH ILQGHQVLFK9HUNQSIXQJHQ]XPgIIQHQGHUHLQ]HOQHQ)HQVWHUZHOFKH
]XP7HLOGHQ=XJULIIDXIGDV+DXSWIHQVWHUEORFNLHUHQ$XIGHU OLQNHQ6HLWHEHILQGHWVLFK
GLH 6FKDOWIOlFKH Ä6HQGHQ³ ZHOFKH HLQH hEHUWUDJXQJ VWDUWHW VRZLH HLQH GD]XJHK|ULJH
)RUWVFKULWWVDQ]HLJH'HV:HLWHUHQJLEWHVHLQH&KHFN%R[ZHOFKH]\NOLVFKQDFK6H
NXQGHQHLQHDXWRPDWLVFKHhEHUWUDJXQJDXVO|VWXQGGLH6FKDOWIOlFKHÄ6HQGHQ³GHDNWLYLHUW
'HUEULJH%HUHLFKGHV+DXSWIHQVWHUVZLUGGXUFK2EMHNWHYHUHLQQDKPWZHOFKHGHU9LVXD
OLVLHUXQJ XQG (LQVWHOOXQJ GHV6HUYHUV GLHQHQ6R N|QQHQ GLH GLJLWDOHQ VRZLH DQDORJHQ
(LQ XQG $XVJlQJH EHUZDFKW XQG JHVWHXHUW ZHUGHQ ,Q GHU 6WDWXVOHLVWH DP XQWHUHQ
5DQGZHUGHQ,QIRUPDWLRQHQ]XP6WDWXVGHUhEHUWUDJXQJVRZLH)HKOHUPHOGXQJHQDQJH
]HLJW


%HGLHQHOHPHQWLQJUDILVFKHQ2EHUIOlFKHQPLWPLQGHVWHQV]ZHL=XVWlQGHQZHOFKH]%GXUFKHLQHQ+DNHQ
LP.RQWUROOIHOGGDUJHVWHOOWZHUGHQN|QQHQ
  'LH6PDUW+RPH$SSOLNDWLRQ

6.4.2.2 Debug-Fenster 
'DV'HEXJ)HQVWHUHUP|JOLFKWHVGLHEHUWUDJHQHQ'DWHQ LQ7H[WIRUP]XYHUIROJHQHV
ZLUGEHUGHQ0HQSXQNW Ä'HEXJ³ LP+DXSWIHQVWHUJH|IIQHW:LUGHLQHhEHUWUDJXQJJH
VWDUWHWVRZLUGKLHUGHU6WDWXVGHU9HUELQGXQJVRZLHGLH'DWHQLQ6HQGHXQG(PSIDQJV
ULFKWXQJJHWUHQQWGDUJHVWHOOW'LHVGLHQWEHLGHU(QWZLFNOXQJYRQ]XVWHXHUQGHU+DUGZDUH
RGHUGHU,PSOHPHQWLHUXQJLQHLQEHVWHKHQGHV1HW]GHU)HKOHUVXFKHXQGEHKHEXQJ


$EELOGXQJ'HEXJ)HQVWHUPLWEHUWUDJHQHQ'DWHQ
6.4.2.3 Datenlogger-Fenster 
'DV'DWHQORJJHU)HQVWHUZLUGEHUGHQ0HQSXQNWÄ'DWHQORJJHU³LP+DXSWIHQVWHUJH|II
QHWXQGGLHQWGHU'DUVWHOOXQJGHU'DWHQVlW]HPLWGHQSURWRNROOLHUWHQhEHUWUDJXQJHQZHO
FKHIU MHGHhEHUWUDJXQJDQJHOHJWZHUGHQ'DEHLZHUGHQHLQ,QGH[HLQ=HLWVWHPSHOVR
ZLHGLHhEHUWUDJHQHQ'DWHQJHVSHLFKHUW'LHHLQ]HOQHQ'DWHQVlW]HN|QQHQLQQHUKDOEGHU
7DEHOOHVRUWLHUWJHlQGHUWXQGJHO|VFKWZHUGHQ'LH'DWHQEDQNZLUGZDKOZHLVHLP0LFUR
VRIW$FFHVV)RUPDW  PGERGHUDOV7H[WGDWHL LP&69)RUPDWJHVSHLFKHUW'DV/|
VFKHQXQG(GLWLHUHQGHU'DWHQVlW]HVRZLHGDV$QOHJHQGHV,QGH[ZLUGQXUYRQGHU0LF
URVRIW$FFHVV'DWHQEDQNXQWHUVWW]W



Ä&RPPDVHSHUDWHGYDOXHV³GLHQWGHU6SHLFKHUXQJYRQ'DWHQVlW]HQLQ'DWHQEDQNHQZREHLGLHHLQ]HOQHQ
:HUWHGXUFK.RPPDJHWUHQQWDUFKLYLHUWZHUGHQ
'LH6PDUW+RPH$SSOLNDWLRQ  


$EELOGXQJ'DWHQORJJHUGHU6WHXHUVRIWZDUH

6.4.2.4 Einstellungen 
'DV(LQVWHOOXQJV)HQVWHULVWLQ]ZHL5HLWHUXQWHUWHLOWÄ'DWHQEDQN³XQGÄ9HUELQGXQJ³'DV
)HQVWHUZLUG EHLP HUVWPDOLJHQ6WDUWHQ GHU $QZHQGXQJ DXWRPDWLVFK DXIJHUXIHQ'LHVHV
9HUKDOWHQ NDQQ GXUFK 6HW]HQ GHU &KHFN%R[ Ä%HLP QlFKVWHQ 6WDUW DQ]HLJHQ³ GDXHUKDIW
DNWLYLHUWZHUGHQ'DV$XIUXIHQGHV)HQVWHUVEORFNLHUWGHQ=XJULIIDXIGDV+DXSWIHQVWHUELV
HVZLHGHUJHVFKORVVHQZLUG
'HU5HLWHU9HUELQGXQJHUP|JOLFKWGLH.RQILJXUDWLRQGHU=LHO6RFNHWVDOVRYRQ,3XQG3RUW
DXIGHQHQGHU6HUYHUODXVFKW


$EELOGXQJ(LQVWHOOXQJHQGHU6WHXHUVRIWZDUH5HLWHU9HUELQGXQJ

,P5HLWHUÄ'DWHQEDQN³N|QQHQ(LQVWHOOXQJHQIUGLHYRP'DWHQORJJHU]XYHUZHQGHQGHQ
'DWHQEDQNYRUJHQRPPHQZHUGHQ8QWHUDQGHUHPN|QQHQ)RUPDWXQG6SHLFKHURUWDQJH
JHEHQZHUGHQ

  'LH6PDUW+RPH$SSOLNDWLRQ


$EELOGXQJ(LQVWHOOXQJHQGHU6WHXHUVRIWZDUH5HLWHU'DWHQEDQN

6.4.2.5 Menüpunkt „Hilfe“ und Testmodus 
'HU0HQSXQNW Ä+LOIH³VWHOOW]XPHLQHQHLQH LQ+70/YHUIDVVWH+LOIHGDWHL]XU9HUIJXQJ
XPGLH*UXQGOHJHQGH)XQNWLRQXQG%HGLHQXQJGHU6RIWZDUH]XHUOlXWHUQ=XPDQGHUHQ
OlVVWVLFKEHUGHQ8QWHUSXQNWÄ7HVWPRGXV³HLQORNDOHU6HUYHUVWDUWHQ


$EELOGXQJ0HQSXQNW+LOIH

'HU7HVWPRGXVHUP|JOLFKWPLW+LOIHGHV ORNDOHQ6HUYHUVGDVDXVIKUHQGHU$QZHQGXQJ
RKQHSK\VLVFKYRUKDQGHQH+DUGZDUHDOV6HUYHU'D]XPXVV]XVlW]OLFKGLH,3Ä³
DOVRGLH/RRSEDFN$GUHVVHDOV=LHOHLQJHVWHOOWZHUGHQXQGGHU3RUWDXIGHPGHU6HUYHU
ODXVFKHQ VROO EHUQRPPHQ ZHUGHQ 8P HLQH EHVVHUH $XVZHUWXQJ GHV 9HUNHKUV PLW
6QLIILQJ7RROV ZLH ]% Ä:LUHVKDUN³ ]X HUP|JOLFKHQ ZXUGH 6WDQGDUGPlLJ GHU 3RUW
 DXI GHP LQ GHU5HJHO NHLQ RGHU QXUZHQLJ'DWHQYHUNHKU ]X HUZDUWHQ LVW DXVJH
ZlKOW $QVFKOLHHQG NDQQ GHU 6HUYHU JHVWDUWHW XQG HLQH QRUPDOHhEHUWUDJXQJ VLPXOLHUW
ZHUGHQ=XVlW]OLFK]HLJWGLH6HUYHU$SSOLNDWLRQGLHhEHUWUDJHQHQ'DWHQLQ7H[WIRUPDQ



6RIWZDUHZHOFKHGHU'DUVWHOOXQJXQG$XVZHUWXQJYRQ'DWHQYHNHKUGLHQW
'LH6PDUW+RPH$SSOLNDWLRQ  


$EELOGXQJ7HVWPRGXVGHU6WHXHUVRIWZDUHPLWEHUWUDJHQHQ'DWHQ

 $XVJHZlKOWH&RGHDXV]JH
6.4.3.1 Netzwerkverbindung 
)UGLH9HUZDOWXQJYRQ7&39HUELQGXQJHQVWHOOW0LFURVRIWLQVHLQHP1(7)UDPHZRUNGLH
.ODVVH Ä6\VWHP1HW6RFNHWV7FS&OLHQW³ ]XU 9HUIJXQJ 1DFKGHP HLQ2EMHNW GHU .ODVVH
IU GDV ,3YHUVWHOOWZXUGHZLUG YHUVXFKW HLQH9HUELQGXQJ ]XP6HUYHU KHU]XVWHOOHQ ,VW
GLHVHUIROJUHLFKEHJLQQWGLH'DWHQEHUWUDJXQJ4XHOOFRGH=HLOHXQG=HLOH'HV
:HLWHUHQZLUGGLH'DXHU IHVWJHOHJWQDFKGHUGHU&OLHQWHLQH=HLWEHUVFKUHLWXQJPHOGHW
'HU6HUYHUPXVVLQQHUKDOEGLHVHU=HLWVSDQQHDQWZRUWHQDQVRQVWHQZLUGGLH9HUELQGXQJ
YRP&OLHQWEHHQGHWXQGHLQ)HKOHUJHPHOGHW'DVLFKGLH/DWHQ]HQEHLGHU.RPPXQLNDWL
RQLP,QWHUQHWLQGHU5HJHOLP%HUHLFKYRQHLQLJHQ0LOOLVHNXQGHQDEVSLHOWZXUGHQGLH7L
PHRXWV MHZHLOV IU 6HQGH XQG (PSIDQJVULFKWXQJ DXI ]ZHL 6HNXQGHQ IHVWJHOHJW
4XHOOFRGH=HLOHI1DFKGLHVHU=HLWNDQQGDYRQDXVJHJDQJHQZHUGHQGDVVGLH
*HJHQVWHOOHVFKOLFKWQLFKWHUUHLFKEDULVW
01 TcpClient TCP_Client = new TcpClient(AddressFamily.InterNetwork);
02 TCP_Client.ReceiveTimeout = 2000;
03 TCP_Client.SendTimeout = 2000;
04 try
05 {
06     TCP_Client.Connect(OptionsWindow.host, OptionsWindow.port); 
07     progressBar1.Value = 100/6;
08 }
09 catch (Exception exc) 
10 {
11 set_toolstripstatuslabel(toolStripStatusLabel, exc.Message); 
12 toggle_sent_button();
13 }
4XHOOFRGH7&3&LHQWGHU6WHXHUVRIWZDUH±,QVWDQ]LHUXQJGHV&OLHQWV
  'LH6PDUW+RPH$SSOLNDWLRQ


8P GDV XQQ|WLJH EORFNLHUHQ GHU JUDILVFKHQ 2EHUIOlFKH ]X YHUKLQGHUQ XQG GLH 3HUIRU
PDQFHGHU$QZHQGXQJ]XHUK|KHQQXW]WGDV3URJUDPPGLHSDUDOOHOH$EDUEHLWXQJHLQ]HO
QHU3URJUDPPDEVFKQLWWHLQVRJHQDQQWHQ7KUHDGV'DEHLZLUGGLH$EDUEHLWXQJDXIPHKUH
UH3UR]HVVRUNHUQHYHUWHLOWVRIHUQYHUIJEDUE]Z LQYHUVFKLHGHQHQ=HLWVFKOLW]HQDEJHDU
EHLWHW IDOOV GHU 3UR]HVVRU QXU HLQHQ .HUQ EHVLW]W 1DFK GHU ,QVWDQ]LHUXQJ HLQHV QHXHQ
7KUHDG2EMHNWHVXQG6WDUWHQGHV7KUHDGV4XHOOFRGHZDUWHWGDV+DXSWIHQVWHUDXI
EHVWLPPWH6LJQDOHGHV7KUHDGVXPGLHJUDILVFKH2EHUIOlFKH]XDNWXDOLVLHUHQ4XHOOFRGH
=HLOH'HU7KUHDGVHOEVWEHJLQQWPLWGHUhEHUWUDJXQJGHV+DQGVKDNHV4XHOOFRGH
=HLOH

01 if (TCP_Client.Connected) 
02 {
03     clientThread = new Thread(new ParameterizedThreadStart(
04                    send_data)); 
05     clientThread.Start(TCP_Client);
06 }
4XHOOFRGH7&3&LHQWGHU6WHXHUVRIWZDUH6WDUWHQGHV7KUHDGV

,P$QVFKOXVVZDUWHWGHU&OLHQWDXIHLQH$QWZRUWYRP6HUYHU6WLPPWGLHVHPLWGHPJH
VHQGHWHQ+DQGVKDNHEHUHLQZHUGHQGLH]XVHQGHQ'DWHQLQHLQHQ6WULQJIRUPDWLHUWXQG
DQGHQ6HUYHUJHVHQGHW4XHOOFRGH=HLOHII$QVFKOLHHQGHUZDUWHWGHU7KUHDG
GDVVGLHVHDNWXDOLVLHUWYRP6HUYHU]XUFNJHVHQGHWZHUGHQ,VWGLHVSDVVLHUWZHUGHQGLH
QHXHQ 'DWHQ LQ GLH 2EHUIOlFKH EHUQRPPHQ XQG GHU 7KUHDG EHHQGHW GLH 7&3
9HUELQGXQJ4XHOOFRGH=HLOHII
'LH6PDUW+RPH$SSOLNDWLRQ  

01 try
02 {
03     handshake_senden.WaitOne(TimeSpan.FromMilliseconds(100));
04     NetStream.Write(byteBuffer, 0, byteBuffer.Length); 
05 //Thread.Sleep(0);
06
07 int totalBytesReceived = 0;
08 int bytesReceived = 0;
09     handshake_empfangen.WaitOne(TimeSpan.FromMilliseconds(100));
10 while (totalBytesReceived < byteBuffer.Length &&
11            bytesReceived == NetStream.Read(byteBuffer,
12            totalBytesReceived, byteBuffer.Length -
13            totalBytesReceived)) 
14     { 
15         totalBytesReceived += bytesReceived; 
16     } 
17 //Thread.Sleep(0);
18
19 if (byteBuffer == handshake_sent) 
20     { 
21         steuerstring_senden.WaitOne(TimeSpan.FromMilliseconds(
22 100));
23         byteBuffer = steuerstring_byte; 
24         NetStream.Write(byteBuffer, 0, byteBuffer.Length); 
25 //Thread.Sleep(0);
26
27         totalBytesReceived = 0;
28         bytesReceived = 0;
29         steuerstring_empfangen.WaitOne(TimeSpan.FromMilliseconds(
30 100));
31 while (totalBytesReceived < byteBuffer.Length &&
32                bytesReceived == NetStream.Read(byteBuffer,
33                totalBytesReceived, byteBuffer.Length -
34                totalBytesReceived)) 
35         { 
36             totalBytesReceived += bytesReceived; 
37         } 
38         steuerstring_byte = byteBuffer; 
39         steuerstring_auswerten_event.Set();
40     } 
41
42 }
4XHOOFRGH7&3&LHQWGHU6WHXHUVRIWZDUH&OLHQW7KUHDG

6.4.3.2 Datenbankanbindung 
)U GLH$QELQGXQJ GHU'DWHQEDQNHQ DQ GDV3URJUDPPZXUGH HLQH ]XVlW]OLFKH.ODVVH
LPSOHPHQWLHUWXPGHQ4XHOOFRGH]XPHLQHQEHUVLFKWOLFKXQG]XPDQGHUHQLQVWDQ]LHUEDU
]XPDFKHQ)UGHQ=XJULIIDXIGLH'DWHQEDQNHQZHUGHQ7UHLEHUYRQ0LFURVRIWYHUZHQGHW
'LHVHHUP|JOLFKHQ]XPHLQHQGHQHLQIDFKHQ=XJULIIDXIGLH'DWHQEDQNHQ]XPDQGHUHQ
VLQGVLHEHUHLWVLQQHXHUHQ:LQGRZVEHWULHEV\VWHPHQHQWKDOWHQ%HLGHQ7UHLEHUQKDQGHOW
HVVLFKXPÄ0LFURVRIW-HW2OH'%³IU0LFURVRIW$FFHVV'DWHQEDQNHQXQGGHPÄ0LFUR
VRIW7H[W'ULYHU³DXFKÄ0LFURVRIW2'%&³JHQDQQWIUGLHWH[WEDVLHUWH'DWHQEDQNLP&69
  'LH6PDUW+RPH$SSOLNDWLRQ

)RUPDW 'HU =XJULII DXI GLH 7UHLEHU ZLUG PLW GHQ .ODVVHQ 2GEF&RQQHFWLRQ
2GEF'DWD$GDSWHU2OH'E&RQQHFWLRQXQG2OH'E'DWD$GDSWHU UHDOLVLHUW 4XHOOFRGH
)UJU|HUH'DWHQEHVWlQGHZLUGGLH9HUZHQGXQJGHV0LFURVRIW2'%&7UHLEHUVHPSIRK
OHQGDGHU=XJULIIDXIJU|HUH0HQJHQYRQ'DWHQVlW]HQZHVHQWOLFKVFKQHOOHUDOVEHLGHU
-HW(QJLQHHUIROJW

01 Connection_mdb = new OleDbConnection("Provider=Microsoft.Jet.
02                  OLEDB.4.0; Data Source =" + path + ";Jet OLEDB:
03                  Engine Type=5");
04 DataAdapter_mdb = new OleDbDataAdapter("SELECT * FROM 
05                   Datenlogger order by ID", Connection_mdb); 
06 Connection_ascii = new OdbcConnection(@"Driver={Microsoft Text 
07                    Driver (*.txt; *.csv)};Dbq=" + path.Replace(
08                    filename,"").Replace("\\\\",@"\\") + ";
09                    Extensions=asc,csv,tab,txt;Persist Security 
10                    Info=False");
11 DataAdapter_ascii = new OdbcDataAdapter("SELECT * FROM "+
12                     filename+" ORDER BY zeitstempel",
13                     Connection_ascii); 
4XHOOFRGH'DWHQEDQNDQELQGXQJGHU6WHXHUVRIWZDUH

6.4.3.3 Konfigurationsdatei 
%HLPHUVWPDOLJHQ6WDUWHQGHU$QZHQGXQJZLUGHLQH.RQILJXUDWLRQVGDWHLDQJHOHJW LQGHU
GLH LP )HQVWHU Ä(LQVWHOOXQJHQ³ IHVWJHOHJWHQ:HUWH IU GHQ QlFKVWHQ $XIUXI JHVSHLFKHUW
ZHUGHQ 'LH .RQILJXUDWLRQ GHU $QZHQGXQJ ZLUG LQ HLQHU ;0/'DWHL LP GD]XJHK|ULJHQ
)RUPDWJHVSHLFKHUW4XHOOFRGHGHU=XJULIIHUIROJWPLWKLOIHGHU.ODVVH;PO7H[W:ULWHU
ZHOFKHGDV6FKUHLEHQLP;0/)RUPDWHUP|JOLFKWVRZLHGHU)XQNWLRQ5HDG;POGHU.ODV
VH'DWD6HWZHOFKHGDV(LQOHVHQYRQ'DWHQDXVHLQHU;0/'DWHL LQHLQ&'DWDVHWHU
P|JOLFKW4XHOOFRGH

01 XmlTextWriter createXML = new XmlTextWriter("options.xml", null);
02
03 DataSet dataset_options = new DataSet();
04 dataset_options.ReadXml("options.xml");
4XHOOFRGH.RQILJXUDWLRQVGDWHLGHU6WHXHUVRIWZDUH

'LH6PDUW+RPH$SSOLNDWLRQ  

01 <?xml version="1.0" standalone="yes"?>
02 <Options>
03 <Verbindung>
04 <IP>127.0.0.1</IP>
05 <Port>1001</Port>
06 </Verbindung>
07 <Datenbank>
08 <Path>\\na2.hs-mittweida.de
09     \ctschoe1\SmartHome\GUI\SmartHomeGUI\SmartHomeGUI_Async_ASC 
10     IIDB\bin\Debug\asciidb.txt</Path>
11 <Typ>asciidb</Typ>
12 </Datenbank>
13 <Sonstiges>
14 <ShowToolTip>false</ShowToolTip>
15 </Sonstiges>
16 </Options>
4XHOOFRGH.RQILJXUDWLRQVGDWHLRSWLRQV[POLP;0/)RUPDW

6.4.3.4 Testmodus 
'HU7HVWPRGXVZXUGHDXVUHLQSUDNWLVFKHQ*UQGHQLQHLQH]XVlW]OLFKH$QZHQGXQJDXV
JHODJHUWVRNDQQGHUGDULQHQWKDOWHQH6HUYHUDXFKXQDEKlQJLJGHU&OLHQW$QZHQGXQJDXI
DQGHUHQ:LQGRZV3&JHVWDUWHWZHUGHQ
'LH$SSOLNDWLRQHUP|JOLFKWGDV6WDUWHQHLQHV6HUYHUV]XU6LPXODWLRQGHU+DUGZDUHGXUFK
GDV%HWlWLJHQGHU6FKDOWIOlFKHÄ6WDUW³'LHVH$NWLRQVWDUWHWHLQHQ7KUHDGZHOFKHUHLQHQ
7&3/LVWHQHUDXIGHP$QJHJHEHQHQ3RUWDXVIKUW9HUELQGHWVLFKHLQ&OLHQWPLWGHPHQW
VSUHFKHQGHQ+DQGVKDNHZHUGHQGLHHPSIDQJHQHQ'DWHQHLQIDFKDQGHQ&OLHQW]XUFN
JHVHQGHW:LUGGLH6FKDOWIOlFKHÄ6WRS³DXVJHIKUWZLUGGHU7KUHDGEHHQGHWXQGNDQQDXI
HLQHPDQGHUHQRGHUGHPJOHLFKHQ3RUWHUQHXWJHVWDUWHWZHUGHQ

  'LH6PDUW+RPH$SSOLNDWLRQ

01 this.listenThread = new Thread(new ThreadStart(ListenForClients));
02 this.listenThread.Start();
03
04 private void ListenForClients()
05 {
06 this.tcpListener.Start();
07 while (true && run_server) 
08     { 
09 while (!(this.tcpListener.Pending()))
10         { 
11 if (!tcpListener_running) 
12             { 
13 return;
14             } 
15             Thread.Sleep(100);
16         } 
17
18 if (run_server) 
19         { 
20             TcpClient client = this.tcpListener.AcceptTcpClient()
21                                ; 
22             Thread clientThread = new Thread(new
23 ParameterizedThreadStart(
24 handle_tcp_client));
25             clientThread.Start(client);
26         } 
27     } 
28 }
4XHOOFRGH7HVWPRGXVGHU6WHXHUVRIWZDUH

8PGHQ7KUHDGGHV/LVWHQHUVQLFKWXQQ|WLJ]XEORFNLHUHQZLUGGLH$EDUEHLWXQJGHU9HU
ELQGXQJLQHLQHPZHLWHUHQ7KUHDG³FOLHQW7KUHDG´EHKDQGHOW'HU7KUHDGOLHVWGHQ'DWHQ
VWURPDXVVFKUHLEWGHQ,QKDOWLQGDV)HQVWHUGHU%HQXW]HUREHUIOlFKHXQGVHQGHWLKQRKQH
bQGHUXQJHQDQGHQ&OLHQW]XUFN4XHOOFRGH
'LH6PDUW+RPH$SSOLNDWLRQ  

01 private void handle_tcp_client(object client) 
02 {
03 if (run_server) 
04     { 
05         TcpClient tcpClient = (TcpClient)client; 
06         NetworkStream clientStream = tcpClient.GetStream();
07
08 byte[] bytebuffer = new byte[4096];
09 int bytesRcvd; 
10
11 int totalbytesEchoed = 0;
12 while ((bytesRcvd = clientStream.Read(bytebuffer, 0,
13                bytebuffer.Length)) > 0)
14         { 
15 set_text(richTextBox1, "\n");
16 set_text(richTextBox1, ASCIIEncoding.ASCII.GetString(
17                      bytebuffer)); 
18             clientStream.Write(bytebuffer, 0, bytesRcvd); 
19             totalbytesEchoed += bytesRcvd; 
20         } 
21
22 set_text(richTextBox1, "\n" + totalbytesEchoed.ToString()
23                  + "Bytes empfangen und gesendet");
24
25         clientStream.Close();
26         tcpClient.Close();
27     } 
28 }
4XHOOFRGH7&36HUYHUGHV7HVWPRGXV

 +DUGZDUH
8PHLQHQ7HLOQHKPHULQGLHVHU6PDUW+RPH$SSOLNDWLRQ]XUHDOLVLHUHQZXUGHHLQ$XIEDX
DXIHLQHU/RFKUDVWHUSODWLQHPLWGLVNUHWHQ%DXWHLOHQYHUZHQGHW=XPHLQHQELHWHWGLH$XV
ZDKOHLQHHLQIDFKHXQGVHKUIOH[LEOH0|JOLFKNHLWGLH6FKDOWXQJDXI]XEDXHQ]XPDQGHUHQ
NDQQVLHZlKUHQGGHU(QWZLFNOXQJVFKQHOOJHlQGHUWXQGHUZHLWHUWZHUGHQ'HV:HLWHUHQ
VWDQGHQDOOHGDIUEHQ|WLJWHQ0LWWHOLQGHU)DFKJUXSSH]XU9HUIJXQJ:LH$QODJH7HLO
HQWQRPPHQZHUGHQ NDQQ ZXUGH QHEHQ HLQHP6WHFNSODW] IU GDV0RGXO &KLS IRO
JHQGH%DXJUXSSHQHQWZRUIHQXQGYHUEDXW
x 6SDQQXQJVYHUVRUJXQJ

x 95HODLV]XP6FKDOWHQYRQ9HUEUDXFKHUQ

x 3RWHQWLRPHWHU IUDQDORJH(LQJDQJVVSDQQXQJXQG5HJHOXQJGHV.RQWUDVWHVGHV
/&'

x /&'LVSOD\

  'LH6PDUW+RPH$SSOLNDWLRQ

x (WKHUQHWVFKQLWVWHOOH


 6SDQQXQJVYHUVRUJXQJ
)U GLH6SDQQXQJVYHUVRUJXQJGHU6FKDOWXQJZLUG HLQH4XHOOHPLW HLQHU6SDQQXQJ ]ZL
VFKHQ9XQG9EHLHLQHPPD[LPDOHQ6WURPYRQ$EHQ|WLJW'LHDQJHOHJWH6SDQQXQJ
ZLUG ]XP HLQHQ GXUFK HLQHQ )HVWVSDQQXQJVUHJOHU DXI 9 JHUHJHOW XP GDV 0RGXO
&KLS]XYHUVRUJHQ]XPDQGHUHQGLUHNWIUGLH(QHUJLHYHUVRUJXQJGHUYHUEDXWHQ5H
ODLVYHUZHQGHW%HLGHP)HVWVSDQQXQJVUHJOHUKDQGHOWHVVLFKXPHLQHQ/07ZHOFKHU
GHQ&KLSPLW9XQGPD[LPDO$YHUVRUJW'LH5HODLVZHUGHQGLUHNWEHU7UDQVLV
WRUVFKDOWHUZHOFKHGXUFKGHQ/3&JHVWHXHUWZHUGHQ GLUHNW DQGLH6SDQQXQJVYHU
VRUJXQJDQJHVFKORVVHQ
'LH 'LPHQVLRQLHUXQJ GHU 6FKDOWXQJ HUIROJWH HQWVSUHFKHQG GHV 'DWHQEODWWHV 'HPQDFK
HUJLEWVLFKGLH$XVJDQJVVSDQQXQJZLHIROJW

ைܸ ൌ ͳǤʹͷܸ ൬ͳ ൅
ܴଶ
ܴଵ
൰ ൅ ͷͲɊܣ ή ܴଶ

9HUQDFKOlVVLJWPDQGHQ]ZHLWHQ7HLOGHV7HUPVXQGO|VWGHQHUVWHQQDFKGHP9HUKlOWQLV
55DXIHUKlOWPDQ/DXW'DWHQEODWWZLUGIU5HLQ:HUWYRQHPSIRKOHQGDLQ
GHQ JlQJLJHQ (5HLKHQ DOOHUGLQJV NHLQ :HUW PLW  YRUNRPPW ZXUGH 5 DXI 
IHVWJHOHJWVRGDVVVLFK IU5GHU:HUWHUJLEW6HW]WPDQGLHDXVJHZlKOWHQ:HUWH
HLQHUJLEWVLFKIUGLH$XVJDQJVVSDQQXQJ92QXQ

ைܸ ൌ ͳǤʹͷܸ ൬ͳ ൅
ͷͶͲπ
ͳͺͲπ
൰ ൅ ͷͲɊܣ ή ͷͶͲπ ൌ ͷǤͲʹ͹ܸ

(LQH$EZHLFKXQJYRQP9 LVW LQ$QEHWUDFKWGHVQRWZHQGLJHQ0HKUDXIZDQGHV IUHLQH
JHULQJHUH$EZHLFKXQJDN]HSWDEHOXQGEHHLQWUlFKWLJWGLH)XQNWLRQGHU6FKDOWXQJQLFKW'LH
EHVWLPPWHQ:HUWHIU5XQG5HQWVSUHFKHQGHP:LGHUVWDQG5XQGGHU6XPPHDXV5
XQG5LQ$EELOGXQJ
'LH6PDUW+RPH$SSOLNDWLRQ  


$EELOGXQJ6SDQQXQJVYHUVRUJXQJGHU6FKDOWXQJ

 5HODLV
0LW +LOIH GHU YHUEDXWHQ 5HODLV ZLUG GDV 6FKDOWHQ YRQ 99HUEUDXFKHUQ EHU GHQ
/3&HUP|JOLFKW'LHGLJLWDOHQ$XVJlQJHGHV&RQWUROOHUVVFKDOWHQMHZHLOVHLQHQ7UDQ
VLVWRU ZHOFKHUZLHGHUXP GLH5HODLVPLW HLQHU 6FKDOWVSDQQXQJ YRQ 9 VFKDOWHQ 9HU
ZHQGHWZXUGHQGLH5HODLV Ä20521*5/³XQG Ä6RQJ&KXDQ&)&(³XQGGHU
7UDQVLVWRU%&%:LH$QODJH7HLO]XHQWQHKPHQLVWZHUGHQGLH7UDQVLVWRUHQEHU
9RUZLGHUVWlQGHPLW MHZHLOV N2KP GXUFK GLH 3RUWSLQV 3 XQG 3 DQJHVWHXHUW
6RPLWIOLHWHLQ%DVLVVWURPYRQP$ZHOFKHUGXUFKGHQ7UDQVLVWRUDXIFDP$YHU
VWlUNHWZLUG'DV5HODLVEHQ|WLJWEHL9HLQHQ6FKDOWVWURPYRQP$GHU6WURPGHU
GXUFKGLH6FKDOWVSXOHIOLHWLVWDOVRDXVUHLFKHQGJUR
'HU %DVLVZLGHUVWDQG HUJLEW VLFK EHL HLQHU 6WURPYHUVWlUNXQJ YRQ  XQG HLQHU %DVLV
(PLWWHU6SDQQXQJDP3RUWSLQGHV/3&YRQ9ZLHIROJW

ܴ ൌ
͵Ǥ͵ܸ െ ͲǤ͹ܸ
͵͵Ǥ͵݉ܣ
ʹͲ
ൌ ͳͷ͸ʹπ

8PGLH5HODLVDXFKEHLHWZDVJHULQJHUHQ6SDQQXQJHQVLFKHUGXUFKVFKDOWHQ]XN|QQHQ
ZXUGHHLQHWZDVJHULQJHUHU9RUZLGHUVWDQGPLW5 JHZlKOWVRGDVVHLQ6FKDOWVWURP
YRQP$]XU9HUIJXQJVWHKW


  'LH6PDUW+RPH$SSOLNDWLRQ


$EELOGXQJ5HODLVVFKDOWXQJ

 3RWHQWLRPHWHUVFKDOWXQJ
8PDQGHQDQDORJHQ(LQJlQJHQGHV/3&6SDQQXQJHQPHVVHQ]XN|QQHQZXUGH
HLQH3RWHQWLRPHWHUVFKDOWXQJYHUZHQGHW'LHVHVWHXHUW ]XPHLQHQGHQ.RQWUDVWGHV/&
'LVSOD\V ]XP DQGHUHQZLUG VLH JOHLFK]HLWLJPLW+LOIH GHV$'&JHPHVVHQ XQG DXI GHP
'LVSOD\DQJH]HLJWVRZLHGHP&OLHQW]XU9HUIJXQJJHVWHOOW'DGLH.RQWUDVWUHJHOXQJ9
EHQ|WLJW GHU $'& DP (LQJDQJ MHGRFK QXU 6SDQQXQJHQ ELV 9 ZDQGHOW ZXUGH HLQ
6SDQQXQJVWHLOHUYRUJHVFKDOWHW


$EELOGXQJ3RWHQWLRPHWHUVFKDOWXQJIU$'&(LQJDQJXQG/&'.RQWUDVW

 /&'LVSOD\
:LH LQEHUHLWVHUZlKQWZXUGHHLQ[/&'LVSOD\YHUEDXWXPHLQLJH ,QKDOWHGHV
6\VWHPV GDUVWHOOHQ ]X N|QQHQ 'LHVHP $EVFKQLWW N|QQHQ VRZRKO GLH 3LQEHOHJXQJ DOV
DXFKHLQLJH.HQQGDWHQHQWQRPPHQZHUGHQ:HLWHUH,QIRUPDWLRQHQ]XU6FKDOWXQJN|QQHQ
$QODJHQ7HLO  HQWQRPPHQZHUGHQ'HP6FKDOWSODQ LQ$QODJHQ7HLO  ]HLJWZLHGDV
'LVSOD\0RGXOLQGLH6FKDOWXQJLQWHJULHUWZXUGH1HEHQGHQ'DWHQXQG6WHXHUOHLWXQJHQ
'LH6PDUW+RPH$SSOLNDWLRQ  

VRZLHGHU6SDQQXQJVYHUVRUJXQJIUGHQ&RQWUROOHUXQGGLH%HOHXFKWXQJZXUGHGLH.RQ
WUDVWUHJHOXQJ DQJHVFKORVVHQ 'LHVH ZXUGH EHU GLH 3RWHQWLRPHWHUVFKDOWXQJ YJO 
UHDOLVLHUW
 (WKHUQHWVFKQLWWVWHOOH
8P GLH .RPPXQLNDWLRQPLW GHP&RQWUROOHU EHU (WKHUQHW ]X HUP|JOLFKHQPXVVWH HLQH
HQWVSUHFKHQGH6FKQLWWVWHOOHYHUEDXWZHUGHQ'LHGDIUEHQ|WLJWHQ&RQWUROOHUVLQGEHUHLWV
LP/3&E]ZDXIGHP&KLSYRUKDQGHQOHGLJOLFKHLQ7UDQVFHLYHUPXVVWHKLQ]X
JHIJW ZHUGHQ 9HUZHQGHW ZXUGH GHU :($ ZHOFKHU HQWVSUHFKHQG GHV
6FKDOWSODQV LQ $QODJHQ 7HLO DQJHVFKORVVHQ ZXUGH 'HU 7UDQVFHLYHU HUP|JOLFKW GLH
.RPPXQLNDWLRQQDFK)DVW(WKHUQHW%$6(7;DOVR/$1PLWhEHUWUDJXQJVUDWHQELV]X
0ESV


$EELOGXQJ9HUELQGXQJGHU(WKHUQHWEXFKVHPLWGHP/3&










)XQNWLRQVWHVW  

 )XQNWLRQVWHVW
8PGLH6WDELOLWlWGHU+DUGZDUHVFKDOWXQJXQGHQWZLFNHOWHQ6RIWZDUH]XWHVWHQZXUGHHLQ
)XQNWLRQVWHVWEHUVLHEHQ7DJHKLQZHJGXUFKJHIKUW EHL GHPGDV6\VWHPRKQH8QWHU
EUHFKXQJOLHIXQGLP$EVWDQGYRQ6HNXQGHQhEHUWUDJXQJHQGXUFKJHIKUWZXUGHQ
:lKUHQG GLHVHV =HLWUDXPV ZXUGHQ LQVJHVDPW FD  hEHUWUDJXQJHQ GXUFKJHIKUW
XQGJHQDXVRYLHOH'DWHQVlW]HEHUWUDJHQXQGJHVSHLFKHUW:lKUHQGGLHVHV7HVWVWUDWHQ
EHLP EHVWHKHQGHQ 6\VWHP NHLQHUOHL )HKOHU DXI VRZRKO )LUP DOV DXFK 6WHXHUVRIWZDUH
KDEHQVLFKDOVRDOVlXHUVWUREXVWXQGVWDELOHUZLHVHQ
1HEHQGHP7HVW LP ORNDOHQ1HW]ZXUGHGLH+DUGZDUHDXFKPLW+LOIHHLQHV5RXWHUV IU
GHQ=XJULIIYRQDXHUKDOEHUUHLFKEDUJHPDFKWVRGDVVGLH%HGLHQXQJGHU$SSOLNDWLRQEHU
,QWHUQHWHUP|JOLFKWZXUGH$XFKGLHVYHUOLHIRKQH3UREOHPHVRGDVVGDV*UXQGSULQ]LSGHU
)LUPZDUHDOVGXUFKDXVSUDNWLNDEHODQJHVHKHQZHUGHQNDQQ
'LHIU:LQGRZVHUVWHOOWH6WHXHUVRIWZDUHZXUGHHEHQIDOOVDXVJLHELJJHWHVWHW(VNRQQWHQ
NHLQH)HKOIXQNWLRQHQIHVWJHVWHOOWZHUGHQ


$EELOGXQJ9HUVXFKVDXIEDXGHU6PDUW+RPH$SSOLNDWLRQ



=XVDPPHQIDVVXQJXQG$XVEOLFN  

 =XVDPPHQIDVVXQJXQG$XVEOLFN
'DV=LHOGLHVHU$UEHLWZDUHVHLQHIXQNWLRQVIlKLJH$SSOLNDWLRQIUHLQH6PDUW+RPH$Q
ZHQGXQJ DXI %DVLV GHV &RQWUROOHUV /3& ]X NRQ]LSLHUHQ XQG ]X UHDOLVLHUHQ 'DEHL
VROOWHGLH.RPPXQLNDWLRQPLW+LOIHYRQ7&3,3XQGHLQHPYRQGHU3URIHVVXU.RPPXQLND
WLRQVWHFKQLN GHU )DNXOWlW (OHNWUR XQG ,QIRUPDWLRQVWHFKQLN GHU +60: HQWZLFNHOWHQ $Q
ZHQGXQJVSURWRNROOHUIROJHQ
:lKUHQGGHV3URMHNWHVNRQQWHHLQH IXQNWLRQLHUHQGH6PDUW+RPH$SSOLNDWLRQHQWZLFNHOW
XQG LQ %HWULHE JHQRPPHQ VRZLH JHWHVWHW ZHUGHQ 'LH $SSOLNDWLRQ EHVWHKW DXV HLQHU
+DUGZDUHDQZHQGXQJDXI%DVLVGHV/3&PLWHLQHULQ&JHVFKULHEHQHQ)LUPZDUHXQG
HLQHU 6WHXHUVRIWZDUH IU:LQGRZVZHOFKH LQ & HUVWHOOW ZXUGH =XP HLQHQ ZXUGHQ DOOH
9RUJDEHQIUGDV3URMHNWHUIOOW]XPDQGHUHQNRQQWHJH]HLJWZHUGHQGDVVHVP|JOLFKLVW
HLQHIXQNWLRQLHUHQGH6PDUW+RPH$QZHQGXQJPLWDXIGHP0DUNWYHUIJEDUHQ&RQWUROOHUQ
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6FKDOWSODQGHV+DUGZDUHDXIEDXV
$,,  $QODJHQ7HLO

$QODJHQ7HLO
&'PLW3URJUDPPFRGH
x 3USMHNWPDSSH IU6WHXHUVRIWZDUH LQ&HUVWHOOWPLW9LVXDO6WXGLRXQG 1(7
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
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6HOEVWVWlQGLJNHLWVHUNOlUXQJ
+LHUPLWHUNOlUH LFKGDVV LFKGLHYRUOLHJHQGH$UEHLWVHOEVWVWlQGLJXQGQXUXQWHU9HUZHQ
GXQJGHUDQJHJHEHQHQ/LWHUDWXUXQG+LOIVPLWWHODQJHIHUWLJWKDEH
6WHOOHQ GLH Z|UWOLFK RGHU VLQQJHPl DXV 4XHOOHQ HQWQRPPHQ ZXUGHQ VLQG DOV VROFKH
NHQQWOLFKJHPDFKW
'LHVH$UEHLWZXUGHLQJOHLFKHURGHUlKQOLFKHU)RUPQRFKNHLQHUDQGHUHQ3UIXQJVEHK|UGH
YRUJHOHJW

0LWWZHLGDGHQ
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&KULVWLDQ0DKQHU
